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for the diarrheal attack 
effective—eradicates enteric bacterial pathogens 
selective—does not eradicate the normal intestinal flora 


FUROXONE’ LIQUID 


brand of furazolidone 
New, convenient prescription size: bottle of 2 oz. Also: bottle of 16 oz. 


m Exceptionally broad bactericidal range includes species and strains now resistant to 
other antimicrobials # Virtually nontoxic @ Does not encourage monilial or staphy- 
lococcal overgrowth @ Has not induced significant bacterial resistance @ Dosage may 
be found in your PDR. 

Furoxone Ligum is a pleasant orange-mint flavored suspension containing FUROXONE 
50 mg. per 15 cc., with kaolin and pectin. aN 


1. Mintz, A. A.: Antibiot. Med. 7:481, 1960. (Cio 


EATON LABORATORIES, Division of The Norwich Pharmacal Company, NORWICH, NEW YORK et 





Thoms selection for paper, column and gas 
CHROMATOGRAPHY 





3102-B06. Thomas Chromatography 
Cabinet, Stainless steel lined, with 
four solvent assemblies for up to 
eight 18% x 22% in. paper chroma- 
tograms by descending or ascending 
techniques; 34 inches high . .470.00 





3106-F05. Thomas-Mitchell Chroma- 
tography Tank, Stainless steel. A 
widely used, compact, economical 
tank for two 8-in. square paper 
chromatograms by ascending tech- 
nique. With two Stainless steel 


NOUNNG is ciciceucateusisees 29.85 
NOTE—Accessories include adapters for 
descending and for continuous ascending 


Dowex® lon Exchange Resins 


Chromosorb® 





3108-B05. Thomas-Kolb Chromatog- 
raphy Jars. Sturdy economical glass 
jars for ascending technique. Small 
takes papers up to 6-in. square; 
So up to 10-in. square. 

SOD Ss ind 22.90 Large..... 25.40 


Column Chromatography 


Pyrex® and Kimax® glass 


Chromatographic Tubes 


Fischer & Porter 


Chromatographic Columns 


Whatman Cellulose Powder 


and lon Exchangers | 





and ELECTROPHORESIS 





3127-€10. National Chromatographic 
Oven, Stainless steel chamber with 
swing-out rack for easy loading. 
Range, ambient to 120°C. Takes ten 
papers up to 18% x 22% in. For 115 
WONG EOE ic eee 875.00 





Electrophoresis Apparatus 








4937-W5. Thomas Paper Strip Elec- 
trophoresis Apparatus. Platinum foil 
electrodes; 10’4-in. migration cham- 
ber in transparent methacrylate cab- 
inet with double-pole safety interlock. 
With variable Power Supply. For ie 





techniques. 





QUALITY AND SERVICE 







e 
LABORATORY APPARATUS 





volts, 50 or 60 cyc., ac. ...344.5 


The 1961 edition of our general catalog lists more than 300 items specially developed 
for Paper, Column and Gas Chromatography and for Paper Electrophoresis. Some of the 
specialties developed by us are shown above. In addition, we list and stock: 


Thomas Glass Chromatography Jar, for 
six chromatograms 9% x 22% inches 

“Precision” Centrifugal High Speed Chro- 
matograph 

Rinco Automatic Fraction Collectors (two 
models) 

Chromato-Vue Ultraviolet Lamp 


Beckman Gas Chromatographs, Models 
GC-1 and GC-2 

“Precision” Chronofrac, Model VP-1 

Spinco Model R Paper Strip Electrophore- 
sis System 


Photovolt Densitometers, Models 525, 53 
and 542 


For detailed information, see following sections of our new 1961 catalog: pp 228-241 
and 432-440. Separate leaflets mailed upon request. 


More and more laboratories rely on Thomas 


ARTHUR H. THOMAS COMPANY 


s Laboratory Apparatus and Reagents 


VINE ST. AT 3RD ¢ PHILADELPHIA 5, PA. 
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PROBABLY THE WATER IS ALL RIGHT! 


A cool crink from the common cup. A small 
chance. Usually no one suffers for it. Usually. It’s 
human nature to take chances. Except at Nutri- 
tional Biochemicals. There, human nature gives 
way to perfectionism. Because lives depend on the 
absolute purity of N.B.Co.’s biochemicals. So does 
successful research. In ordering one of N.B.Co.’s 
2600 biochemicals, you express confidence. 
Confidence in a company whose only business is 
preparing pure biochemicals. A company whose 
world-wide volume brings you pure biochemicals 


at low prices. Send for our Free catalogue today. 
Or call us at MOntrose 2-0214, Cleveland, Ohio. 


NUTRITIONAL BIOCHEMICALS CORPORATION 
21010 Miles Avenue ¢ Cleveland 28, Ohio 
24-Hour Delivery in the U.S.A. + Slightly Longer Anywhere Else 


Send for our free October, 1961 Catalog containing 


more than 2600 items. Fill out coupon ang mail 
today for your copy. FP 
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Outstanding Products and Services for Nucleic Acid Research 


TdR-H’ 6.25 CURIES/ MMOLE 


| TRITIATED THYMIDINE 


6.25 c/mmole is the highest specific activity offered anywhere - completely stable and 
pure—affirmed by isotope dilution and chromatography - an important addition to the 
largest list of tritiated nucleic acid derivatives available.Write for additional information. 


N.B. New symbol to conform with international codification 


SCHWARZ BioRESEARCH, INC. ¢ Dept. 12F ¢ Mountain View Avenue, Orangeburg, New York 
BIOCHEMICALS ¢ RADIOCHEMICALS ¢ PHARMACEUTICALS for research, for medicine, for industry 
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Beginning in 1962, this journal will be published 
bi-monthly: 


January-February 
March-April 
May-June 
July-August 
September-October 


November-December 


There will be one volume per calendar year. 


An index and volume contents will appear in the 
November-December issue. 
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] ONLY LOURDES 


OFFERS GREATEST SELECTION OF 
SUPERSPEED CENTRIFUGES... 
EXACTLY SUITED TO YOUR NEEDS! 

















RCF to 68,000 x G e Most efficient Refrigeration 

System e Automatic rotor acceleration e Electric 

Braking e Superspeed vacuum centrifugation 

Simplest Continuous Flow System e Unsurpassed 
capacity. 

Select from the industry’s widest line of superspeed centrifuges, 

rotors and accessories. 


SOME OF THE MOST POPULAR LOURDES MODELS 





RCFx G 2 .. 





Maximum RPM. =|. 20,000 


Maximum ciiplaclly, 





Rated Hp. 











Automatic Acceler. | 


| Electric Brake 





| Refrigeration — 

















: Safety Guard 













Avtometie Contertng | 






























"Safety Relay. 
Price (without rotors) 
‘ P PI d ‘ FP-121 
Mail coupon for complete line catalog | i aati ! 
Be sure... and choose Lourdes centrifuges | | 
Title. chheantiinciiaaaiplags | 
LOURDES INSTRUMENT CORP. } in omnis arora 
Division of Labline, Inc. | Address hai of 
656 Montauk Ave., Brooklyn 8, New York i City Zone. State i 
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CUCHLERSG B.4S7C AND ESSENTIAL EQUIPMENT 
FOR COLUMN CHROMATOGRAPHY 


The VARIGRAD FRACTION COLLECTORS 


VARIABLE GRADIENT MIXER — 
FOR CHROMATOGRAPHY ro 


room, refrigera- 
A unique apparatus FOR ~_ to column 
: r 
PRODUCING PRECISELY-CONTROLLED > capa Seas 
AND REPRODUCIBLE GRADIENTS 


--.On casters... 
Developed at the National Institutes of Health 


glassware and 
@ Makes small changes in specific portions of an elution 


turntable tempera- 
ture-controlled. 

gradient to improve resolution in certain regions of 

chromatograms. 
































OTHER MODELS (for 
every program and 
budget)include 
CONTINUOUS (for 
long-term or over- 
night use) and 
SECTIONAL (for 
processing during 
fraction collecting). 


@ Presents gradient data for duplication in any laboratory. 


@ Single appcratus can be used to supply identical gra- 
dients simultaneously to several columns. 





@ Any number of independent gradients of different 
molecular or ionic species can be produced simultane- —¢.44 for Bulletin F-3-6000 
ously. for complete information 


we tct coves“ | The MICROPUMP jf 
Zone Electrophoresis Regulates flow of solvents } 


with PAPER, STARCH, AGAR and through chromatographic columns 


almost all other known media! ata pre-set constant volume. 
One basic migration chamber can be adapted to 






Send for Bulletin F-3-4000 
for complete information 



















all media * Full line of D.C, power supplies * Agar Features: 
cutters for preparation of — E 
immuno slides, = © CONSTANT FLOW RATE of buffer solution 
te ° ’ @ ADJUSTABLE VOLUME from 25 ml to 950 ml/ 
hour 


@ ALL COMPONENTS, which are in contact with 
the solvent, are made of teflon or glass 


@ Designed for CONTINUOUS DUTY 
@ EXCEPTIONALLY LOW COST 


Send for Bulletin F-2-6000 


ulletin 
for complete information 


F-3-1000 for 
complete information 









FOR AUTOMATIC ULTRAVIOLET 
MONITORING OF 
CHROMATOGRAPHIC ELUENTS 


UVISCAN 


CONTINUOUS FLOW UV MONITOR 
For Use with all Fraction Collectors 


STARCH GEL VERTICAL 
Electrophoresis Apparatus 


For direct insertion 
of liquid samples 
without paper or 
starch granules. 


® Samples can be re- 
solved into more 
zones than with paper 
electrophoresis with- 
out overlapping of 
components. 

@10 samples, 0.040 
to 0.045 ml can be 
processed simultane- 
ously, or 1.6 mi ina 


UVISCAN makes possible speedier identification of 
compounds with great accuracy and automatically in- 
dicates, on a recorded chart, the test-tube in which 
the desired compound is contained 





© Amplifier yields signal from 0.05 to 4 Optical Den- 
sity. Easily accessible Flow Cell with adjustable light- 
pat’. from 1 to 10 mm. * Minimum volume 0.125 ml. 
* High Stability. During 24 hours the baseline will 





: single slot. 
remain constant within 0.5 mv. * Wave Length from tata, CDP _— © Special lucite stand 
ee ne ee a ee we Send for Bulletin F-3-5000 . to fit in refrigerator. Send for Bulletin F-3-1070 


corders available. for complete information 


for complete information 













LABORATORY APPARATUS 
SUCHLES BUCHLER INSTRUMENTS, INC. 
INSTRUMENTS 514 West 147th Street, New York 31, N. Y. 

ADirondack 4-2626 


Buchler Laboratory Aids : 
POMI 

FLASH EVAPORATORS possesses ne 

WATER BOOSTERS 


Other 










PRECISION INSTRUMENTS 
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® BACKGROUND 
LESS THAN O.3 CPM 


@ 1” OR 2” SAMPLES 


@ MANUAL OR AUTOMATIC 
SYSTEMS 





[racerlab 


1601 Trapelo Road, Waltham 54, Massachusetts 
2030 Wright Avenue, Richmond 3, California 










Background 
Beta 
Counting 
System 


omni/ guard 


Guaranteed ultra low background, guaranteed high efficiency counting, 
compact shielding, automatic or manual operation, a choice of sample 
sizes .. . all these advantages are combined in the new Omni/Guard 
System from Tracerlab. This new system utilizes the very latest Tracerlab 
instruments ... the new Multi/Matic Sample Changer, the Omni/ 
Guard Anti-Coincidence Flow Counter and the new Omni/Guard 
Scaler. Each is the most advanced in its field. Small wonder the new 
Tracerlab Omni/Guard System outperforms all other low background 
Beta counting systems. 

With the new Tracerlab Omni/Guard System it is possible to assay 
solid beta samples with counting rates of less than I c.p.m. You'll get 
superb counting efficiency (even for low energy beta rays, C!4, $35 etc.) 
because of the ultra thin Mono/ Mol Windows of the Omni/Guard Flow 
Counter (<125 ug/cm?). Very low background coupled with high count- 
ing efficiency means less starting material is needed, lower activity levels 
can be measured and counting time is substantially reduced. Yet the new 
Tracerlab Omni/Guard System is moderately priced and economical to 
operate and maintain. 

The Tracerlab Omni/Guard System may be combined with a variety 
of standard readouts; Tracer/Matic timers; Time and Count printers 
and Time, Count and Count Per Minute printers. 

By extending the range of detection sensitivity further than ever before, 
the new Tracerlab Omni/Guard System opens a new era of instrumental 
analysis. You should have complete information on this latest 
Tracerlab development. Write for Tracerlab Omni/Guard Bulletin 





4 New HEaitons . . 


Cantarow & Schepartz— 


Biochemistry 


Integrates advances in the field of biochemistry into 
its basic study. Topics range from the structure of 
simple monosaccharides to metabolic antagonism. 
Among the many new topics you'll find— enzyme 
classification, mechanisms of action and kinetics; 
metabolism of adipose tissue; lipoproteins; bio- 
synthesis of proteins; metabolism of nucleic 
acids; regulation of volume and structure of body 
fluid compartments; biochemical genetics; calctum 
homeostasis and skeletal mineralization. Many 
other sections have been extensively revised; 
many new illustrations have been added. The level 
and approach of this comprehensive text make it 
ideal for the first year medical student. 


By ABRAHAM CANTAROW, M.D., Professor of Biochemistry, Jefferson 
Medical College; and BERNARD SCHEPARTZ, Ph.D., Associate Pro 
fessor of Biochemistry, Jefferson Medical College. About 960 pages, 63%” x 
9°4”, with about 176 illustrations. About $12.50 

New (3rd) Edition—Ready in January! 


Williams— 
Endocrinology 


I/luminates the role of hormones in maintaining 
body metabolism and the relation of endocrine func- 
tion to disease. This New (3rd) Edition is virtually 
a new book—with eight completely new chapters 
and many others revised and expanded. The most 
important feature of this revision is greater em- 
phasis on effects of endocrine change on body 
metabolism. Among many new topics you’ll find— 
Autoimmunologic aspects of thyroiditis; Adverse 
effects of chronic glucosteroid therapy; Genetic 
abnormalities in endocrine disorders; Endocrine 
influences on atherosclerosis and obesity. This 
book correlates all that is new in both theoretical 
and clinical endocrinology. 

By 14 American Authorities. Edited by ROBERT H. WILLIAMS, M.D., 
Executive Officer and Professor of Medicine, University of Washington 


School of Medicine. About 118+ pages, 6%” x 914”, with 331 illustrations 
About $20.00. New (3rd) Edition —Ready in January! 


.. from Saunders 


Florey— 


General Pathology 


Depicts clearly the changes accompanying pathologic 
lesions and the signs identifying these changes in the 
various stages of disease. Among the many topics 
you'll find covered—Mechanisms of hemorrhage 
and shock; Effects of injury upon metabolism; 
Nature of antigens and antibodies; Influence of 
drugs on inflammatory processes; Nature of tumor 
growth; Mechanisms of fever and edema; Effects 
of radiation; Tissue reaction to viruses; Differ- 
ences in natural and acquired immunity. Every 
section of the New (3rd) Edition has been exten- 
sively revised and brought up to date. A com- 
pletely new section on the immunology of tissue 
transplantation has been incorporated into this 
edition. 

By 17 British Authorities. Edited by SIR HOWARD FLOREY, Professor 
of Pathology, Sir William Dunn School of Pathology, University of Oxford, 


About 1100 pages, 6” x 9”, with 344 illustrations. About $17.00. 
New (3rd) Edition —Ready in January 


Harrow & Mazur— 


Biochemistry 


Presents the latest concepts of biochemistry—so it 
may be thoroughly understood by the under- 
graduate student. Careful selection and incorpora- 
tion of new information brings this text right up 
to date without sacrificing any of the clarity and 
readability that has made it so popular. Coverage 
ranges from basic material on the carbohydrates, 
lipids and proteins to specialized topics such as 
energy metabolism, immunochemistry and chemo- 
therapy. Here is a book which presents difficult 
subjects in an interesting manner. It gives a 
sound, up-to-date picture of the fundamental 
facts of biochemistry and their applications today. 
By BENJAMIN F. HARROW, Ph.D., Professor of Chemistry Emeritus, 
College of the City of New York, and ABRAHAM MAZUR, Ph.D., Asso- 
ciate Professor of Chemistry, College of the City of New York. About 610 


pages, with about 116 illustrations. ch ’ 
New (8th) Edition—Ready in March! 








2 a> 


Gladly sent to teachers on approval 
W. B. Saunders Company West Washington Square Philadelphia 5, Pa. 
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— Accurate photometric measurements 
of LIQUIDS, GASES and SOLIDS 


at highest resolving power of the spectrum 















Made in West Germany 


Spectrophotometer PM@Q II 


The spectral region ranges from far-ultraviolet 200 my to near-in- 
frared 1,000 my (2,500 my by using a lead sulphide cell). The 
instrument operates directly on 110-volt A.C. Voltage fluctuations 
of + 10% to — 15% can be compensated for by means of its 
combined magnetic and electronic voltage stabilizer. The trans- 





mission and extinction scales are enlarged and projected on a 
ground-glass window, assuring parallax-free readings. 

The adjustment of the slit and that of the wave length is guar- 
anteed to be free of lost motion. The slit width can be set within 
0.2 my absolute. As a consequence of the friction-free design, no 

400 +10 #0 lost motion is evident when setting the wave length. For instance, 
Extinction curve of benzine vapor. the combined error of setting and reading the wave length is guar- 
anteed to be no greater than + 0.05 mu at 250 my. The effective 
length of the projected micro wave length scale is enlarged so that 
Fluorescence Attachment it is equivalent to a scale approximately 4 feet long and has a 
Chromatogram Attachment 
Reflectance Attachment 
Micro Cell Attachment 
Flame Equipment Write for free detailed specifications. 


GAL LEMS, 4 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 





Attachments available: 


range from 200 my to 2,500 mu. 





COMPLETE 
a SERVICE FACILITIES 










e Stainless Steel 


ANIMAL 


MOBILE UNIT 


CAGES 


hor: Research Laboratories, Medical and 
Veterinary Schools, and Hospitals 


The ACS Mobile Unit consists of two cages _ on the floor of the lower cage. This design 
mounted on a stainless steel frame. Each cage _ feature allows cages to drain into a wall 
is approximately 34” wide, 30” high, and 32” trough or other drainage system, making it 
deep, with a unique protruding back lip of possible to maintain hospital-clean quarters 
2" on the floor of the upper cage and 142” with a minimum of labor. 


Constructed of Type 304, 20- 
gauge Stainless steel. The en- 
tire cage is seam welded into 
a one-piece unit. Each corner, 
wall-floor and wall-ceiling 
junction has a radius to pre- 
vent the accumulation of dirt 
and animal excretions. Bot- 
Colssmohms-Louameor-lel--j le) el -1emicelan 
front to a 2” opening in back 
Equipped with an oak resting 
board that provides comfort 
to the animal. 


Made ofstainless steelangles, 
x 1° x 1°, spot welded to 
Ligela) ar Lalo My ie] =e) mor-Te l= 


KEMAX GUN (Not illustrated) 


saehbins olUhg oleh i -maliclelalisle Mel -bala-mthi-16 me Abia) 





Made of \%” stainless steel 
rods vertically spaced 1% 
clear between rods, with % 
stainless steel rodframe. ACS 
stainless steel latch and han- 
dle. Gate is removable for 
easy cleaning. Choice of two 











feeding arrangements: (1 
Waterer on side of cage, with 
feeding pan inserted in bot 
tom of gate. (2) Two pans in 
serted in the gate proper 


DOLLY 2 

Heavy stainless steel angles, 
Ye" x 1%" x1%", with detach 
Fle) (-mor- 0-3 0-1 6-¥ oLo)) ¢ie Ma comm oLohacolan 
of support angles. Heavy duty 
ball bearing swivel type cast- 
ers’ with 4” rubber tires on 
steel hubs—front casters have 
ifeXe) ane) el-1¢-14-10 Mol e-1.¢-3 


The entire unit, with the exception of the casters, is fabricated 
of Type 304 stainless steel—rust and corrosion prpof—can be 
auto-claved or automatically washed. 


Write today for CG ANIMAL CAGE SPECIALTIES CO. 


Bulletin MU361B and 


complete information. is | 


Box 350 +» Oak Park, Illinois 


TELEPHONE EUCLID 3-56359 








A olainnS Cy ClO=WMiD OHS ae iso er ae nt 


quick, complete, and Ul A away with time-consuming and fatiguing hand mixing...eliminate possible contami- 
nation from finger-capping or tagetari rods. You can mix liquids of different densities ... prepare liquid emulsions... 
dissolve solids of low solubility efficiently and conveniently with an Adams Cyclo-Mixer. 

Single-Unit Cyclo-Mixer with Foot Switch: When used with the unique Clay-Adams Foot Switch, both hands are 
left free for holding tubes or flasks. The compact, easily portable Single-Unit Cyclo-Mixer mixes solutions, dissolves 
most solids in only seconds. It accommodates containers of various shapes and sizes—from 0.25 microchemistry 
tubes to 40-mm. diameter tubes and flasks. 

For procedures requiring prolonged, controlled mixing in test tubes: Two-Unit or Four-Unit Cyclo-Mixers 
provide any desired degree of agitation—from gentle mixing to violent churning. 


They operate at 3 speeds with separate motor and speed control for each tube. Clayy 4 








Equipped with interchangeable cups, they can accommodate round-bottom tubes 
from 15 mm. to 25 mm. in diameter and up to 200 mm. in length. Tube clips and sup- 
port bars eliminate the need for constant monitoring. Available from your dealer. 
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New York 10, N. Y. 





































20 minutes to 11 seconds! 


oy ys ¢C q 
i 
7 
Cyclo-Mixer, Single Unit, with foot switch * Mixing time required tae 
...-each $68.50 rs 
Cyclo-Mixer, Single Unit, without foot for one typical laboratory 4 
NE eons sa vscnaw ean yams sid each $59.50 procedure reduced from f 
.. 4 
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Cyclo-Mixer, Four Unit ..... each $248.00 








handgards 


Manufactured by 


Plasticsmith, Inc. 
Box 1071, Pittsburg, California 











Protect your hands! 


... Without loss of touch or dexterity 


§ Handgards are disposable polyethylene gloves that are sanitary 


and convenient—taking advantage of polyethylene’s resistance to 
acids and alkalis to give your hands protection. 


Handgards fit tightly, allowing an amazing sense of touch— 
polyethylene stretches with the hand never restricting its 
movement. 


Handgard seams are smooth and strong. An exclusive process 
produces seams that are as strong as the polyethylene film itself. 


Handgards are water tight. 


Handgards are conveniently packaged, either laminated on rolls 
of white tissue or in a handy pop-up dispenser. They are 
available in 3 sizes, 3 weights and 3 lengths. 


Handgards cost but pennies a glove—are therefore disposable. 
We would like you to see this modern idea in hand protection. 
Mail the coupon below for full information 

together with the sample glove of your choice. 


Plasticsmith, Inc. 
P.O. Box 1071, Pittsburg, California 


Please send me complete information and a sample pair of Handgards. 
Size: small] medium] large (] 
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NEW MAGNETIC DATA RECORDER 
SAAN SN SABER A RRR SR, OSB 


| ypmerneny designed for medical researchers, 
teachers and clinicians. Economical data 
storage ... designed to instrumentation standards 
... precise repeatability for data processing... 
wide band width... time scale expansion or com- 
pression ... economy and reuseability of tape... 
these are some of the advantages of adding this 
magnetic data recorder to your recording facilities. 


The Sanborn-Ampex Series 2000 Magnetic Data Re- 
corder serves as an ideal companion to other Sanborn 
instruments for biophysical research. Any phenom- 
ena routinely recorded on a direct-writing or photo- 
graphic recorder may be recorded on magnetic tape, 
using the same preamplifiers. Data thus stored can 
later be graphically recorded for detailed study or 


teaching purposes, displayed on a meter or ’scope, 
or fed into a computer for processing and statistical 
analysis. 

Operation of the instrument is simple and straight- 
forward. All channels may be quickly aligned without 
need for auxiliary equipment. 


For complete information call the nearest Sanborn 
Branch Office or Service Agency — or write Manager, 
Research Instrument Sales. 


SANBORN-AMPEX SERIES 2000 MAGNETIC DATA 
RECORDER in mobile cabinet provides up to 7 recording channels, 
4 tape speeds, power supply and Sanborn piug-in electronic circuits 
for either FM (DC to 5000 cps) or direct recording (50-50,000 cps). 
The system uses 14-inch tape on 1044-inch reels for up to 3.2 hours 
of continuous recording. 


SANB ORN COMPANY MEDICAL DIVISION, WALTHAM 54, MASS. 
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The new Kimble catalog features full lines of KIMAX Beakers, 
Erlenmeyer Flasks, Petri Dishes, plus a host of money-saving innovatiot 


Krmax hard glass beakers, from 1to 4000 ml... 

Kimax Erlenmeyer flasks through 6000 ml... 

Krmax Petri dishes, with covers and bottoms clearly dis- 
tinguishable... 

Cotor-Conep pipets . .. Cotor-Copep culture tubes .. . 
square flasks . . . round flasks . .. Raysorb low ac- 
tinic ware... 

these are but a few nuggets from the new Kimble 

Goldmine of fine laboratory glassware. 


i” EVERY DAY SEES SOMETHING NEW AT KIMBLE 


7\~ 


You'll find important improvements in hundreds of Kin 
items in our new catalog, Take beakers, for instance. 
of tough Krmax® hard glass. Beads are extra heavy. & 
is uniformly distributed throughout. Pour-out design tis ng, 
mizes dripping. Enameled marking area facilitates matt 
and erasures. on tl 
The entire Kimble line has been greatly expanded. Ng lab 
it’s easy and profitable to buy the bulk of your needs ii on 
Kimble. Dealers in most states offer 28 per cent discout 
orders of 150 cases or more. 














Kimble Glass Company, Subsidiary of Owens-Illinois 
Dept. FP-12, Toledo 1, Ohio 
Please send me the new Kimble catalog which 
includes the expanded Kimax glassware line. 


Name 





new Kimble catalog should 
on the shelf of every progres- 
laboratory. If you.do not 
one, mail the coupon today. 


Firm 
Address 


Position 
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KIMBLE LABORATORY GLASSWARE O WENS -ILLIN OIS 


AN (@) PRODUCT GENERAL OFFICES « TOLEDO 1, OHIO 











NOW! 
Laboratory 
Tools 

To 

Meet 
Today's 
Needs 











Just Published! New General Catalog —1128 Pages 


1. Equipment for latest technics comprehensively described and illustrated. 
a Accessory selection simplified by pertinent charts, tables and illustrations. 
3. Indexed for rapid product location with cross references. 

4. Easy to read type throughout — pages bound to lie flat when open. 

2. Features products of foremost manufacturers. 


V Get your copy of this most complete catalog now being 
personally distributed by your Aloe Scientific 


representative. Write us on your institutional letterhead. 


Sewing the Sciences that Sewe Mankind 


ae GENERAL OFFICES e 1831 OLIVE STREET, ST. LOUIS 3, MISSOURI 


SCIENTIFIC 


DIVISION OF BRUNSWICK 
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IN COENZYME-A AND 5‘-NUCLEOTIDES” 
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The REVISED PABST 
CATALOG now 







includes specifica- 


tions and spectra 






of 5'- DEOXYRIBO- 







NUCLEOTIDES and 


other new products. 



















How did it attag? Pure! 
What do you mean, pure? 






‘Purity means the percentage by weight of a chemically defined 
substance such as Na,H,ATP. 3H,O.” 


CHEMIST: 



























BIOLOGIST: ‘‘Purity refers only to the ‘active components’, that is, the ratio 
of principal nucleotide to total nucleotides."’ 


PABST BIOCHEMIST: ‘‘Both kinds of purity are important. We use spectral 
analysis for quantitative estimation of total nucleotides and paper 
chromatography for detection of trace impurities. Detailed 
specifications for each product based on these and other assays 
are given in 
PABST RESEARCH BIOCHEMICALS CATALOG 
Circular OR-17 







write for 


sien nn ae 
omar — “—— PABST LABORATORIES*= 
rate! » Division of Pabst Brewing Company 
1037 W. McKinley Avenue 
MILWAUKEE 5, WISCONSIN 
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Baird-Atomic introduces a new 


AUTOMATIC SAMPLE CHANGING SYSTEM 


This simplified system incorporates the 
EcWtet-t mi ccrebebebleticrm- pele @bel_loarbecl-ena-tetereB dela 
PRUagebest-telemel-1a-elalebotm a beet belcamerelebetabelca: betel 
fobs ha: We obuct—lepeuec he lebetms Gar: Lelelepeebecleret-10-1-med ola ce) 
35 samples, processes and records results 
Beles atloebetsamm—t-bookel lcm ohebectel-5 aman obec l-mmmerolepent 
Bele MmebeW acre helct_iamelelbbel ma: hime Mel-men ase a lebbel ss 
fe beolome- bole Melelebetmmabbelelalebel_mr- bu MB el=5 ede) seelce| 
by the new B/A Model 135 Scaler-Timer 

Heart of the new B/A System is the 
Model 755 sample changer that assures 
positive, jam-proof operation because of 
ha-Me-) boot o)Ccmer-t-lacle Meleb elie ue lela lobe tee Gap tM) elcres 
fically designed for geiger or proportional 


counting but its flexible detector mount 


w= | 
—a 


ADVANCED YorPTICS AND 














ELECTRON. 


ing permits the use of scintillation probes 
for gamma counting. 

For complete details, call or write your 
nearest B/A representative today 

Sales and service offices in: Cambridge, 
New York, Philadelphia, San Francisco, 
Cleveland, Washington, D.C., Atlanta, 
Dallas, Chicago, Los Angeles, Pittsburgh, 
Detroit, Ottawa, Canada 

Engineers and scientists: /nvestigate the 
challenging opportunities with B A. Write 
Industrial Relations Director. All qualified 
applicants will receive consideration for em 
ployment without regard to race, creed, color 


foyapetetalesarctmelal sia! 


BAIR D-ATOM/C,/NC. 


JF Uniwersity Road: Cambridge IS, Mass. 


SERVING SCIENCE 

















With the S/P Auto Dilutor, you could prepare 


repeat-dilutions blindfolded 


The S/P Auto Dilutor lets you do a series of 
identical dilutions faster, easier than ever 
before. It saves hours of pipetting time and 
pipette cleaning; eliminates costly glassware 
breakage. Accuracy better than 1%. Opera- 
tion is simple: Preset sample and diluent 
volumes with direct-reading controls . . . the 
rest is automatic. Moving lever upward, draw 
sample into glass tip. Depress lever, sample 
is dispensed together with diluent. It’s that 
simple . . . takes just seconds. There’s no 


cleaning required. The sample contacts only 
the glass tip which is thoroughly diluent- 
rinsed during each cycle. Put the Auto 
Dilutor to work in your lab—it’s available 
from S/P exclusively. 

No. P5080-1-S/P AUTO DILUTOR, 2 mi. to 20 mi. 
capacity diluent syringe, .01 ml. to 0.1 ml. sample 
Le RR a eee ee bine Sei Ten ae ea aie: Gas $250.00 
No. P5080-2-S/P AUTO DILUTOR, 2 mi. to 20 ml. 
capacity diluent syringe, .03 ml. to 0.3 ml. sample 
SYPAGIG zis g ininintaen teiaindne was ss eER Bc palegs Op $250.00 


For demonstration or information, contact your S/P Representative ...or write 





scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 
GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 


Regional Offices: Atlanta - Boston - Charlotte - Chicago - Columbus « Dallas - Detroit - Kansas City 


Los Angeles + Miami * Minneapolis - 


New York * San Francisco - 


Seattle + Washington 


Export Department—Flushing 58, L. 1., New York. In Canada: Canadian Laboratory Supplies Limited. 
In Mexico: Hoffmann-Pinther & Bosworth, S. A, 











AMSCO 


Microbiological ~~ 
Hquipment 


FREEZE DRY EQUIPMENT 


Models for laboratory, pilot plant and production. Used for 


the preservation and concentration of labile substances. ~~“ © * 


WATER STILLS and DEIONIZERS 


STILL capacities from 1% to 500 gal. /hr. Steam, Electric or 
Gas heat. Automatic or manual controls. 


DEIONIZERS — Complete line ranging from 2 to 1000 gal. /hr. 


STERILIZERS 

Pressure Steam, Ethylene Oxide and Combination GasStam 
models. Chambers 16” x 16’’ x 24” to 60’ x 66” x 120” e 
CONTINUOUS CULTURE APPARATUS 


“Biogen’”’ Continuous Culture Apparatus produces microbial 
cells and/or their byproducts on a continuous or batch basis 
under precisely controlled conditions. 


DRY BOXES 


Flexible Film disposable chamber Economical, efficient and 
easy to use. Ideal for laboratory and production. 


GERM-FREE LIFE APPARATUS 


Flexible Film Isolators for operating, rearing and transfer 
of germ-free animals. Economical, disposable chamber. 


For good reason more and more universities, pharmaceuticals 
and industrials confidently specify AMSCO Freeze Dryers, 
Sterilizers, Water Stills and other specialized microbiological 
equipment. Each is designed and built to accomplish a specific 
job better. . more dependably and with less time and 
attention from the staff. 

If you have a problem in the area of technical microbiological 
equipment, a letter to our Scientific and Industrial Department 
may lead to its economical resolution. 

Meanwhile we’ll be happy to send along literature on any of 
the equipment illustrated. 


SCIENTIFIC AND INDUSTRIAL DEPARTMENT 


AMERICAN 
STERILIZER 


ERIE* PENNSYLVANIA 





World's largest designer and manufacturer of Sterilizers, 
Operating Tables, Lights and related technical equipment 
for hospitals, industry and the biological sciences 
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T * 
BA S I 3 is ONE GOOD ANSWER to the 


Information Problem and BIOLOGICAL ABSTRACTS ‘Has Jt! 


Here is the modern, efficient way for you to keep abreast 
of all major developments across the entire spectrum of bio- 
logical research. Biological Abstracts now makes BASIC* 
—a new technique in biological information—available to 
its users. Made possible by the marvels of the latest, modern 
computers this new way to quickly locate information has 
been integrated with our world renowned abstracting in- 
formation service to provide ready access to the world’s 
biological research. This self-contained title index will be 
published in each issue of Biological Abstracts’ complete 
edition beginning this Fall. 


Take advantage of the speed and convenience of having 
an index with every issue of abstracts. Each title appears 
over seven different times under seven or more different 
keywords to give you quick, easy, multiple access to the 
exact abstracts you want. 


Readily find your source in minutes by scanning the alpha- 
betically arranged title index. When you find a significant 


* Biological Abstracts’ Subjects In Context 


BIOLOGICAL 


mats WALNUT STREET 


PHILADEL 


word, glance at the surrounding, modifying words for fur- 
ther meaning and content. Select the abstract number that 
appears after each listing and turn right to the concise, 
informative abstract in the front of the issue. 


For example, a paper titled “The metabolism of chromo- 
somal ribonucleic acid in Drosophila salivary glands and its 
relation to synthesis of desoxyribonucleic acid” would ap- 
pear alphabetically under each of the nine keywords: acid, 
chromosomal, desoxyribonucleic, Drosophila, gland, metab- 
olism, ribonucleic, salivary, synthesis. The modifying words 
would appear on both sides of the keyword for each of the 
nine listings. 


Save time, trouble and expense in your search. Select 
from the same words that the author used to characterize 
his paper. Stay current or ahead of the information prob- 
lem. Biological Abstracts and BASIC will greatly assist you. 


ABSTRACTS 


PHTA 4, PENNSYLVANIA, U. 











WAHMANN 


Designers and Manufacturers 


LABORATORY 


ANIMAL CARE EQUIPMENT 


LC-146 


GUINEA PIG UNIT 


Cages * Racks - Cage Systems - Food Bins 
Food and Water Devices - Sterilizers 

Scales - Operating and Autopsy Tables 

Stainless Drinking Tubes - Activity Cages 


Write for Our Complete Catalog 


cco. «. WAHMANN urs. co. 


1123 E. BALTIMORE ST., BALTIMORE 2, MD. 














TEGHNICON- 


AUTON A 


VARIABLE 


GRAD 


DEVICE* 
produces dny buffer requirement in pH 
or concentration for chromatography 


Eki ’ 7 , 


DISCRETE BUFFER CHANGEOVERS 


asanexample... 


to pH 5.28 
to pH 4.25 


from pH 3.25 ...usual in 


AMINO ACID CHROMATOGRAPHY 
instead the Autograd automatically sup- 
plies a buffer gradient in a continuous, 
uninterrupted flow.* * 


5.85 


This solution 
arrangement of pH 
values in the 
AUTOGRAD j 
adtomatically 
produces the gradient 

below. 


The Avtograd! starts the column elution delivery at 
pH 3.05, as shown above, and progressively in a con- 
ti flow, i to pH 6.85. Not only is each 
discrete buffer value systematically produced, but the | 
resulting gradient includes all of the intermediate 
values as graphed below. 


= % OF TOTAL 
72102030 x 50 “eo BO __90 
T q q | T T 








AutoGrad Buffer Gradient 


6+ (increased progressively) e, s 

a. 0 ee on 5.28 4 

on 

- ee | 
3.08) an--c goon oo 

3 


Discrete Buffer Changeover 
ee (step by step) 





Developed at the National Can- 
cer Institute, National Institutes 
of Health, U. S. Department of 
Health, Education, and Welfare, 
Public Health Service, Bethesda, 
Maryland. 

**Procedure developed by 
Karl A, Piez, National Institute 
of Dental Research, National 
Institute of Health, 
*Reference: ‘Variable Gradient 
Device for Chromatography’’, 
E. A. Peterson and H. A. Sober, 
Anal. Chem., Vol. 31, No. 34,* 
May 1959. 





Send for Brochure No. AG 
and further Data, to 


Technicon Chromatography Corp. 
Research Park - Chauncey, New York 
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The new 
digital 


analytical 





balance 





type S 





- with complete digital read-out. 


The macro-analytical 
balance, type S-5, 
capacity 160 grams, 
reads to 5 decimal 
places - the 5th place 
showing either 

as O or 5. 





actual size read-out 


The new Mettler balance, type S, incorporates patented 
features which have proven themselves in other Mettler 
models. In addition, it has a complete digital read-out, 
also patented by Mettler. This is not just a matter of great 
convenience to the operator, but a completely successful 
means to eliminate a significant subjective error, which 
occurs when the final digits of a result are estimated. 


Write to us today 
for literature with 
detailed specifications. 


we METTLER INSTRUMENT CORPORATION 


P. 0. BOX 100, PRINCETON, NEW JERSEY 
December 1961 FEDERATION PROCEEDINGS 25a 











































UNIQUE 


IS THE WORD 
FOR THE 
RCA 
ELECTRON 
MICROSCOPE 





Only the EMU can give you so many unique design features... 
features that mean the most productivity for your research dollar: 


e An exclusive vacuum system, completely automatic, resulting 
in a high output of micrographs. A unique arrangement and 
simplicity of controls, making the instrument highly responsive 
in the hands of the skilled operator and unusually productive 
even for the beginner. 


e A philosophy of design so sound that even early models of the 
RCA Electron Microscope are still in use. (Since most new im- 
provements and accessories can be adapted to instruments in the 
field, the useful lifetime of RCA microscopes can be prolonged.) 


e An Electron Diffraction Chamber, far superior to any in the 
field, is easily installed; permits performing transmission and 
reflection type diffraction studies. 


e Available soon — a new Universal stage for hot and cold 
specimen analysis will further extend the usefulness of RCA 
Electron Microscopes. 


You would expect the leader in electronics to provide the foremost 
instrument for electron microscopy. Today more RCA Electron 
Microscopes have been sold than all others combined. The RCA 
Electron Microscope is backed by an unexcelled nation-wide 
service organization and is further supplemented by RCA’s own 
Applications Laboratory in Camden, N. J. A NEW LEASING 
PLAN now makes it possible to obtain all RCA scientific instru- 
ments with no down payment, low monthly terms, and a favor- 
able option to buy. See your RCA Representative for additional 
information. Or write to RCA, Scientific Instruments, Dept. C-287, 
Building 15-1, Camden, N. J. In Canada: RCA VICTOR Company, 
Limited, Montreal. 


The Most Trusted Name 
in Electronics 
RADIO CORPORATION OF AMERICA 
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announcing: a new look 
a new proficiency 


Introducing a new series of analytical balances. 
Modern in every respect — including a new all metal 
housing, built-in weights, air damping, and projection 
scale reading. The models in the 1500 series were 
designed for laboratories seeking the advantages of 
an automatic balance in a two pan system and medium 
price range. 





A demonstration or trial of any Sartorius balance 

may be arranged through your nearest Sartorius distributor. 
For further information on Series 1500 balances, contact: 
BRINKMANN INSTRUMENTS, INC. 

115 Cutter Mill Road, Great Neck, N. Y. 


PHILADELPHIA - CLEVELAND - HOUSTON - MIAMI - MENLO PARK, CAL. - ST. LOUIS 





THERE IS 


a difference 
IN STOOLS 











....and with dogs, diet can be the main reason. 

Wayne Dog Food produces firm stools—makes laboratory 

kennel cleaning quick and easy. Wayne is a complete ration for 
dogs of all ages—no side feedings of vitamins or meat are required. 
Quality is certified by The ‘!.Q."" (Ingredient Quality) seal on 
every package. Available in Krumettes, pressurized 

nuggets; Krums, coarse meal; Blocks, 2” pellets. 

In addition, choose from these quality tested Wayne Laboratory Animal 
Diets: Wayne Lab-Blox (for mice, rats, hamsters, monkeys) 

« Wayne Mouse Breeder Blox » Wayne Guinea 

Pig Diet - Wayne Rabbit Ration. 





ALLIED MILLS, INC. 


“One of the world’s oldest and largest exclusive manufacturers of poultry and animal diets’ 
110 N. WACKER DR. « CHICAGO 6, ILLINOIS 
Laboratory Animal Diets Division 














SAVE STEPS... TIME... MONEY... 
ec ere, 2 BES: CTS UI ae 


Take water to working area for 
rapid-filling with this new 


WATERING GUN! 


QUICK RELIEF FOR 
YOUR 
TISSUE PROJECT 


SAVE: 
e TIME 
e SPACE 
e MONEY 
e PERSONNEL PROBLEMS 








Operates on pressures a hose will han- 





dle—simple adjustment regulates flow. 
Each bottle is taken off the cage, re- 





| filled and replaced quickly and effi- Model A Model B 
EXPERT W ORKMANSHIP—PROMPT SERVICE | ciently. Prevents exchange of bottles —— a 


WRITE YOUR NEEDS | between cages, eliminating one source 


of contamination. 


BAY HISTOLOGY SERVICE 7 
sai tanec diaian CAMM RESEARCH INSTITUTE, INC. 


SAN FRANCISCO 23, CALIF. erly, «= «414 BLACK OAK RIDGE ROAD 


= = WAYNE, NEW JERSEY 








FARM OX 4-0703 
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SIGMAMOTOR 


The only pumps with 


+ INFINITELY VARIABLE (St¢pless) FLOW RATE 
+K REPRODUCIBLE DQSAG 

































Sigmamotor Low Flow Infusion Pumps 
are available in 3 capacity ranges. The 
infinitely variable flow rates are con- 
trolled by a stepless speed adjustment. 
The vernier head is graduated and 





your successful treatments can be ac- 


— curately reproduced or varied simply 





by recording the tubing size and ver- 


nier graduation. 








| for 
v 
i PRICES 
af With explosion hoboente q 
Models Capacities foropersting “open 
: room use motors 
"hel T-M12 2 to 150 c. c. per hr. $550. $315. 
T-M11 10 to 3,600c.c. per hr. 450. 280. 
T-M10 60to15,000c.c.perhr. 425. 240. 
With legs and casters $50 extra. 
Prices F.0.B. Middleport, N.Y. \ | 
Write for complete literature on this 
equipment now serving in dozens of 
hospitals. Complete equipment (pump- 
oxygenator) available for tumor per- 
Model B s 
“tov fusion. 
SIGMAMOTOR, INC. 
ume 20 December 1961 FEDERATION PROCEEDINGS 29a 








7 
SZ7ERAA 





30a 





acids 


. HIGHEST SPECIFIC ACTIVITY 
bm 4 





mc/mM* 
L-Alanine-C!4 (u.1.) 69 
L-Arginine-C!4 (u.1.) 138 
L-Aspartic-C!4 Acid (u.1.) 92 
L-Glutamic-C!4 Acid (u.1.) 115 
L-Histidine-C!4 (u.1.) 138 
L-Isoleucine-C!4 (u.1.) 138 
L-Leucine-C!4 (u.1.) 138 
L-Lysine-C!4 (u.1.) 138 
L-Phenylalanine-C'!4 (u.1.) 207 
L-Proline-C!4 (u.1.) 115 
L-Serine-C!4 (u.1.) 69 
L-Threonine-C!4 (u.1.) 92 
L-Tyrosine-C!4 (u.1.) 207 
L-Valine-C!4 (u.1.) 115 

*present lot 











PRICE: 1mc—$1200; 0.1 mec — $120; 
50 uc — $70. Write for technical data sheet. 


new england nuclear corp. 


575 Albany Street, Boston 18, Massachusetts 
HAncock 6-7311 
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ROBLEM: 
count 6,000 cells per second 





ONLY — OLUTION: 


ne Coulter 
Counter® 


N 
ES toe Tm, 





Patented in U.S.A., Great Britain, 
France, Germany, Japan, Brazil and throughout the world. 


24 





| counts, sizes red or white blood 


cells, tissue cultures, bacteria, protozoa... 1 by 1! 
3@8- Speed: unprecedented. 9@¥~ Accuracy and reliability: unparalleled. 
3@P— Economy: substantial. §ge- Customary “count” 
tedium: eliminated. A few reasons why the Coulter Counter is 


standard in over 1500 hospitals and research centers. 


(e>: 


Trade Mark 





Learn why the Coulter Counter 


. . bee 
is accepted as a major breakthrough 


in cell analysis. Write today E 0 U LT E R E L E C T R 0 N | C S 


for complete details. 2525 North Sheffield Avenue, Chicago 14, Illinois 
Call collect: EAstgate 7-8025 
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FEDERATION NOTICE 


Membership in the Federation of American Societies for 
Experimental Biology 


There is no provision in the Federation Constitution for individual membership. An indi- 
vidual wishing to associate himself with the Federation must become a member of one or 
more of the six constituent Societies; such membership entitles him to present papers at 
the annual meetings of the Federation and to receive the quarterly publication, FEDERA- 
TION PROCEEDINGS. Since requirements and procedures for election to membership 
vary among the six Societies, the following information is provided: 


1. American Physiological Society. Any resident of North America who has conducted 
and published meritorious original researches in physiology shall be eligible for member- 
ship. Names of candidates must be proposed in writing by at least two members of the 
Society, and from these names the Council shall nominate candidates for election to mem- 
bership at a regular meeting of the Society. For further information and proposal forms, 
address Dr. R. G. Daaes, Executive Secretary, 9650 Wisconsin Ave., Washington 14, D. C. 


2. American Society of Biological Chemists. Qualified investigators who have conducted 
and published meritorious original investigations in biological chemistry are eligible for 
membership. Nominations shall be made and seconded by members of the Society and shall 
be submitted to the Council, who shall determine eligibility and make recommendations 
to the Society at any regular meeting. Nomination blanks and further information may be 
obtained from Mr. Ropert A. Harte, Executive Secretary, 9650 Wisconsin Ave., Washing- 
ton 14, D. C. 


3. American Society for Pharmacology and Experimental Therapeutics. Any person who 
has conducted and published meritorious investigations in pharmacology or experimental 
therapeutics and who is an active investigator in one of those fields, shall be eligible to 
membership. Candidates shall be proposed by two members who are not members of the 
Society Council, for consideration and recommendation by the Membership Committee 
and the Council. Further information and application forms may be obtained from Dr. H. 
GEORGE MANDEL, George Washington University School of Medicine, Washington 5, D. C. 


4. American Society for Experimental Pathology. Any American investigator who has 
contributed meritorious work in pathology within three years prior to his candidacy is 
eligible for membership. Candidates shall be nominated by two members and the nomina- 
tions approved by the Council for election by Society members at a regular meeting. Addi- 
tional information and nomination forms may be obtained from Dr. K. M. Brinkuous, Uni- 
versity of North Carolina Medical School, Chapel Hill. 


5. American Institute of Nutrition. Any person who has conducted and published meri- 
torious original investigations in some phase of nutrition and who is presently profession- 
ally active in the field of nutrition shall be eligible for membership in the Society. Nomina- 
tions shall be made and seconded by members of the Society and shall be submitted to 
the Council for recommendation to the Society at any regular meeting. For nomination 
blanks and additional information, address Dr. ARNOLD E. SCHAEFER, Building 16A, National 
Institutes of Health, Bethesda 14, Md. 


6. American Association of Immunologists. Any qualified person engaged in the study of 
problems related to the purpose of the Association may apply for membership. Candidates 
must be nominated by two members «! the Association and applications must be accom- 
panied by letters of recommendation, curriculum vitae and a list of reprints of publications. 
The Council shall determine eligibility and submit the names of eligible candidates to the 
membership at the annual meeting. For further information and application blanks, address 
Dr. Byron H. Waxksman, Harvard University Medical School, Boston 15, Mass. 
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FOR THE VERY BEST 


ACRYLIC ANIMAL CAGE 


SPECIFY THE ORIGINAL... 






















Keystone Cages are designed and built by the originators of the acrylic 
plastic "Mouse House" and other cages for experimental laboratory animals. 


Discriminating users depend on the constant research and close contact with 
field developments that enable the "Keystone" experts to produce the most 
modern equipment. 


Keystone Cages Wik... 


SPEED RESEARCH - clear, plastic walls permit STAY SAFER - because the slow changing tem- 


daily cage inspection, aid observation of rodent. peratures of smooth plastic protect rodents against 
The false mesh bottom speeds metabolism tests drafts and sudden temperature changes, thus 
« and keeps the animal clean. drastically reducing the mortality rate. 


STAY CLEANER - lower portion of cage is free BE VERMIN PROOF - the plastic "Mouse House” 


re pres ogg Fag ose tenageee yr automatically eliminates the outside enemies to 
9 P highly technical research. 


rinsing in hot water. Body acids and urine do not 
affect plastic cages. We recommend our HYTRON SAVE ON COSTS - by comparison with utility 


as a cleaner and safe disinfectant. value of other cages. With only reasonable care 
LAST LONGER - unlike the usual wood and metal in handling, these cages will last indefinitely thus 
cages which are useless for skilled research after making them more economical. 


the first year, our acrylic plastic cages seem to 
improve with age. After three — continuous = kop YOUR COPY OF CATALOG F OR TECHNICAL 


service at leading biological laboratories, the INFORMATION ABOUT YOUR PROBLEM ADDRESS 
plastic "Mouse House” still shows no wear. YOUR INQUIRY TO 


KEYSTONE PLASTICS COMPANY 


Specialists in Scientific Plastic Processing @ 701 Painter Street, Media, Pennsylvania 
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NEW 


LAPINE 
'‘ CATALOG 
re} 5 
@ SCIENTIFIC 
et EQUIPMENT 
1 \PINE 


Supplies & 
equipment 


Catalog c 


NEARLY 


1000 PAGES 


OF APPARATUS, INSTRUMENTS : 
AND EQUIPMENT FOR SCIENTIFIC LABORATORIE! 


LaPine Catalog “C’” is designed to give scientists and SERVICE : 
purchasing personnel all the information needed to LaPine Scientific Company stocks most items liste 
make correct decisions and purchases. for immediate shipment from the centrally locate 

Chicago warehouse, or, if the order originates in ti 
east, from the New York warehouse. 


CATALOG “C” DISTRIBUTION 
An alphabetical listing and ascending numbering Catalog “C” is now being mailed to laboratories af 
system is used for maximum speed and ease. The purchasing personnel all across the nation af 
comprehensive, extensively cross-referenced subject throughout the world. Please let us know the catalt 
index pinpoints the location of every item. requirements of your laboratory or department. | 


= LaPINE SCIENTIFIC COMPANY | 
LAPINE 6001 SOUTH KNOX AVENUE, CHICAGO 29, ILLINOIS, U.S.A. + REliance 5-4700 | 


MANUFACTURERS & DISTRIBUTORS of LABORATORY SUPPLIES + EQUIPMENT + REAGENT & INDUSTRIAL CHEMICALS § 


IN THE EAST: SOUTH BUCKHOUT STREET, IRVINGTON-ON-HUDSON, NEW YORK ¢ LYric 1-8900 
IN THE WEST: 2229 McGEE AVENUE, BERKELEY 3, CALIFORNIA © THornwall 5-3614 


Catalog “C” is clearly written, fully illustrated. Prices 
are current with the printing date. 








XUM 


The research worker encounters new prob- 
lems every day—his work is rarely simple 
and clear-cut. His needs are diverse, his 
requirements are precise. Diversity is the 
key word: diversity with: uniformity; 
diversity with purity; diversity with ut- 


most precision. And this describes © Re 


Whatman filter products... designed and - 





NEW! A superior line of Equipment 
for PHYSIOLOGICAL RESEARCH 








ANIMAL BOARD 
& CONTROLLED HEATER 


RHESUS MONKEY CHAIR ANESTHESIA BOX Clamps, Head Holder, holder for stereo- 

taxic. All are easily and manually ad- 

Compact and yet easily adjusted for for cats and monkeys. Ether applied justed. Shielded Heater, thermostatically 

various size animals. Monkey is placed from the outside while animal ix under controlled, Thermostat can be placed 

in and out quickly. Can be fitted with continual observation. Made from alu- conveniently in or on animal. Board isa 
attachment to hold Squirrel monkey. minum and plastic. Easily Cleaned. one piece aluminum casting, 


Write for detailed literature about these and other products. 


F & H MACHINE CO., INC. 14 Oak Ridge Lane, Albertson, L.I., N. Y. 


























Placement | = 





Service = Excitingly New! 


For fast repetitive weighing the Test- 

matic Balance is a leader in its field. 

The superb performance of this remark- 

able balance was created by the world's 

finest Swiss craftsmen. Check it over 

feature by feature and you will see why. 

e Direct optical readout with 1000 divi- 
sions on the scale. 

e Easy to read scale divisions 2.5 mm 
apart. 

e Scale is in direct line of sight with 
the pan. 

e The Testmatic is priced surprisingly 
low. 





| | 
The last lists to reach subscribers be- | 
fore the 1962 annual meeting are: | | 

| 


@ FEBRUARY LIST OF CANDIDATES | 


Information to be included | 
must reach the Washington | | 
office before February 1. 











s MODEL TYPE T-1 T-10 T-100 
@ MARCH LIST OF POSITIONS Sem S Gams" tg. 0109. 0.1009. 
Write for further Scale Divisions 1-mg 10-mg 100-mg ; 











must reach the Washington Dealer inquiries Weighing Time _@-Sec. 35 Sec. _2.3 See 
office before February 26. 





| 

Information to be included | | information. Leoibiliiy with see te 
| 
| 


| Analytical Balances, Micro-Manipulators, Stereotaxic 
Instruments, Strip Chart Recorders, Polygraphs, 
Research Microscopes, Kymographs 
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Just Published: Volume 15, October 1961 


ANNUAL REVIEW OF MICROBIOLOGY 


Editors: C. E. Ciirron, 8. RAFFEL, AND MM. P. STARR 
Editorial Committee: C. E. Ciurrron, C. A. Evans, R. E. Huneare, T. L. JAWN, 
B. MAGASANIK, AND P. R. MILLER 


Contents: 349 pages 


Physiology of Actinomycetes, V. W. Cochrane Phage-Host Relationships in Some Genera of Medi- 

ses . tis : —— cal Significance, NV. B. Groman 

Continuous Culture of Microorganisms, T. W. James —— y 

v , : Plant-Nematode Inter-relationships, J. W. Seinhorst 

Fine Structure of Protozoa, H. W. Beams and E 5 io ; ; ; ee 
Suoar * : . ap ‘ore : : O97. 

hie Sugar Transport in Microorganisms, V. P. Cirillo 

: ok = ; Structure of Viruses, J. S. Colter ¢ Vle 

Interactions Between Pesticides and Soil Micro- Structure of Viruses, J. S. Colter and K. A. O. Ellem 

















organisms, W. B. Bollen Gaseous Sterilization, C. W. Bruch 
The Family Brucellaceae in Veterinary Research, Antigenic Variation in Unicellular Organisms, G. H. 
E.. L. Biberstein and H. S. Cameron Beale and J. F. Wilkinson 
Metabolism of C, Compounds in Autotrophic and Recent Experience with Antiviral Vaccines, V. J 
Heterotrophic Microorganisms, J. R. Quayle Zhdanov 
| 
OTHER ANNUAL REVIEWS 
y 
0 
’ a 
ENTOMOLOGY MEDICINE t 
Volume 6 (January 1961) Volume 12 (May 1961) 
PSYCHOLOGY PLANT PHYSIOLOGY 
Volume 12 (February 1961) Volume 12 (June 1961) 3 
PHYSIOLOGY BIOCHEMISTRY 
Volume 23 (March 1961) Volume 30 (July 1961) - 
34 
PHARMACOLOGY PHYSICAL CHEMISTRY mn 
Volume 1 (April 1961) Volume 12 (September 1961) a 
NUCLEAR SCIENCE 
Volume 11 (December 1961) 














Most Back Volumes Available SS. 

$7.00 postpaid (U.S.A.); $7.50 postpaid (elsewhere) ah 

sna 

ANNUAL REVIEWS, INC. 3 


231 Grant Avenve, Palo Alto, California 
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RESEARCH 
DESIGNED 










FOR SPECIAL 
AND ROUTINE 
APPLICATIONS 













$S-1 SUPERSPEED — = 
32,700 x G — “the workhorse fj 
of the modern laboratory” 


SMALL & MEDIUM for the 
versatility of five rotors 
on one motor base 

and hundreds of 
tube combinations 


$S-3 AUTOMATIC SUPER- 
SPEED — 17,000 rpm, 
34,800 x G — brings 
true automation to 
the busy 
laboratory 


SS-4 ENCLOSED SUPER- 
SPEED — 17,000 rpm, 
34,800 x G — with 
snapout control panel 
for remote operation 

in cold rooms, under 
fume hoods, etc. 





For further information, please ask us for 
Bulletin FP-12GC 







ENTRIFUGES 


RC-2 AUTOMATIC SUPERSPEED 
REFRIGERATED — up to 37,000 
x G with SS-34 Rotor. Accepts 
five other rotors. Shown set up 
for KSB Continuous Flow opera- 
tion. KSB system may also be 
used with SS-1, SS-3 and S$S-4 


RC-3 GENERAL PURPOSE AUTO- 
MATIC REFRIGERATED — 5,000 
rpm, — 5,100 x G. 70 seconds 
to operating speed; 90 seconds 
to stop. Reduces thirty-minute 
jobs to five minutes. Ideal for 
general, routine, and blood work 


Yes, research designed! This means that regardless of which SERVALL 
Centrifuge you require, it will more than meet your specifications. Perhaps 
you need more than one centrifuge; you will find the various SERVALL 
models complementary. The Small and Medium range give literally hun- 
dreds of tube combinations in five rotors which fit onto one motor assembly. 
The revolutionary KSB Continuous Flow System collects small amounts 
of precipitate from gallon quantities of sample. The RC-2 is the instru- 
ment that has become the criterion for low-temperature work in the 
Superspeed range. Now, SERVALL introduces its all-new RC-3 General Pur- 
pose Automatic Refrigerated Centrifuge that accepts no fewer than fourteen 
angle and horizontal rotors and reduces centrifuging times from five- to 
ten-fold. This instrument will establish new standards for low-speed work. 


We invite you to compare SERVALL workmanship with competitive mod- 
els — as a researcher, you know it’s the finish that counts. 


Also, SERVALL quality and versatility are available in SERVALL Laboratory 
Instruments: Ultra-Microtomes, Cell Fractionator, Pipettes. 


Kwan Sorvall, Ine. 


NORWALKe CONNECTICUT 
SERVALL CENTRIFUGES SERVE YOU BEST 














oca-Cola , too, has its place in a well 


DRINK 


balanced diet. As a pure, wholesome 
drink, it provides a bit of quick energy : iy 
... brings you back refreshed after work GLY 


or play. It contributes to good health te wan @ 


by providing a pleasurable moment’s 


pause from the pace of a busy day. 
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Books of Current Interest from PERGAMON 


ONCOGENIC VIRUSES 


Ludwik Gross, M.D., F.A.C.P., Chief, Cancer Research Unit, Veterans Administration Hospital, Bronx, N. Y.; Associate Scientist, Sloan- 


Kettering Institute 


an important contribution to the data 
on viraltumors... 


In this significant book, the author makes an extensive review of 
the known oncogenic viruses and discusses the current status of 
experimental research on virus-caused neoplasms. 

Historical data on the initial original observations dealing with 
the establishment of the viral nature of certain animal tumors 
are included, with particular emphasis placed on developments 
of the past ten years in this area of research. 

Conclusions of this work would indicate that most of the chicken 
tumors and the majority of mouse tumors, including the various 
forms of mouse leukemia, are of viral origin. It is thus quite pos- 
sible that malignant tumors in other animal species, are also caused 
by viruses. 


REGIONAL NEUROCHEMISTRY 


of the Nervous System 


An up-to-date bibliography and references at the end of each 
chapter enhance the value of this book. Those dealing with tumor 

pathology, scientists, cancer investigators and physicians will 
find ONCOGENIC V IRU! SES of unusual interest and usefulness. 


partial contents: 


Introduction; Experimental inoculation of communicable diseases; Transplantation 
of tumors in animals by cell-graft; Transmission of tumors by filtrates; Rabbit 
myxomatosis; Rabbit fibroma; The transmissible fibroma of grey squirrel; The 
Shope rabbit papilloma; Oral papillomatosis of dogs; Warts in cattle; Transmission 
of human warts and papillomas by filtrates; The Lucké frog kidney carcinoma; 
The contagious veneral dog sarcoma; The Rous chicken sarcoma; The chicken leu- 
kosis complex; Avian myeloblastosis; Avian lymphomatosis and related tumors; 
Development of inbred strains of mice and their impact on experimental cancer 
research; Mouse mammary carcinoma; Mouse leukemia; Radiation-induced leukemia 
in mice; "Induction of leukemia in mice following inoculation of filtrates from mouse 
— The parotid tumor (polyoma) virus; The search for oncogenic viruses in 
1umans, 


393 pages, 42 illustrations $12.00 


The Regional Chemistry, Physiology and Pharmacology 


Editors: S. S. Key and J. Elkes, National Institute of Mental Health, Bethesda 


This volume contains the forty-seven papers presented at the 
Fourth International Neurochemical Symposium held at the 
Villa Monastero in Varenna which was attended by neurochem- 
ists from many parts of the world. It represents the fourth of a 
continuing series of volumes which jointly covers the main areas 
of the chemistry of the nervous system in health and disease. 

As with the three previous Symposia, the Organizing Committee 
selected a topic considered to be of growing importance in neuro- 
chemistry and its cognate fields. In this year’s subject, The Re- 
gional Chemistry, Physiology and Pharmacology of the Nervous 


System, there lies a recognition of one organizational complexity. 
It is this complexity, well adapted to subserve function, which 
makes the particular site of a chemical reaction in the brain a 
parameter of equal importance to substrate and enzyme activity 
in determining outcome. In the nervous system, more than in any 
other place in the body, biochemistry recognizes its dependence 
on structure as well as the contributions it may make to, or receive 
from, other disciplines. 


530 pp., illustrated $12.00 


KERATIN and KERATINIZATION 


E.H. Mercer 


The Keratinized tissues which form the hardened, insoluble outer 
layers of the vertebrate integument include skin, hair, feathers, 
claws, hooves, etc. 

This book describes the biological function and properties of these 
tissues in terms of their molecular and macromolecular structure 
as revealed by recent electron microscopy and X-ray diffraction 
work. 

The orientation is general and advanced, with emphasis on recent 
developments and modern views and methods, but the treatment 
issimple and self-explanatory. 

Recent advances covered include: electron microscopy of kera- 
tinized tissues, structure of fibrous proteins as deduced from X-ray 
diffraction, recent views on growth and differentiation and the 
tole of cell membranes in tissue formation and keratinization. 


All books available for 14 days’ free examination. 


PERGAMON 
PRESS, INC. 


122 East 55th Street, New York 22, N. Y. 
New York «¢ London - Oxford « 
Publishers of ENCYCLOPAEDIC 
DICTIONARY OF PHYSICS 


Paris 





FEDERATION 


December 1 961 


Special attention is given to the role of cellular adhesion both 
during the early phases of gruwth, differentiation and keratiniza- 
tion. 


contents 


INTRODUCTION e Macromolecules and biology; Types of fibrous proteins and 
their classification; The differentiation of surface organelles; The phylogeny of kera- 
tinization. THE KERATINIZED TISSUES e The epidermal family of cells; The 
specialized appendages; Other possible keratinized structures. THE GROWTH OF 
EPIDERMAL STRUCTURES « The epidermis as a growing organ; Patterns of 
hair growth and control; Allometric growth, MOLECULAR AND MACROMO- 
LECULAR tagged RE The elastic properties and structure of hair; C urrent 
ore mn analysis; The non-crystalline fraction; Feather keratin; TI 

ERATINIZATION PROCESS e The hard keratins; Soft keratinization; The 
hae cuticle; Keratinized cysts and epidermal tumours; Pigmentation. 


320 pp., illustrated $12.00 
Re ee ee ee eee ee ee ee Re Te ani 
| PERGAMON PRESS, INC., Dept. FP1 
! 122 East 55th Street, New York 22,N. Y. I 
; Pleas2 send a copy of tha books checked for 14 days’ free examination. ' 
' (1 ONCOGENIC VIRUSES @ $12.00 i 
| Cl REGIONAL NEUROCHEMISTRY @ $12.00 1 
1 O KERATIN AND KERATINIZATION @ $12.00 ; 
H Name ’ 
! Street ag 
H City Zone State . : 
Pee epee Seon Soa SER ie re ann eee APD. ek ea mE ee 
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DIAGNOSTIC AND RESEARCH INSTRUMENTS 
FOR CARDIO-PULMONARY STUDIES 


NITROGEN GAS ANALYZERS 


Nitralyzer 105 - A simplified, reliable, utility model with two ranges of 
nitrogen concentrations, 0-80% and 0-20%. 


Nitralyzer 300AR - The most complete nitrogen meter, incorporating nine 
ranges including two zero suppression scales, a built-in vacuum gauge, 
and sufficient output to drive many ink writers direct. 


Nitralyzer DELTA - An accessory instrument for any nitrogen meter... 
it is specifically designed to perform the Single Breath Test by indicating 
the difference in nitrogen concentrations between the 750 and 1250 milli- 
liter volume points for a single expiration. Does not require the use of 
on auxiliary electrical recorder. 


Single Breath Tester 125 - A complete self-contained system designed to 
produce an automatic record of the single breath nitrogen washout test 
without the need of any additional equipment. The instrument contains a 
nitrogen meter, pump, volume detector, recorder, and space for an oxygen 
tank. 


WEDGE Spirometer 170 


DATA CORRECTOR 


DOC—Data Optimizing Computer 190 
computer which automatically adds correction data to the output signals of 
any electrical device so that the resultant data can be interpreted directly 
without reference to calibration curves. The calibration correction data 
can be quickly changed making it practical to have one DOC for use 
with several non-linear instruments. 


- A single function analogue 


SAMPLERS 


Six Shooter Gas Sampler 180 - An inexpensive device which extracts 25 
milliliter volumes of gas from a stream. Can extract 5 samples in rapid 
succession upon electrical actuation. Removes sample without mixing and 
with zero dead space. 


Blood Sample Collector Cugell 130 - A constant volume pump mounted 
with a collector assembly which can collect 60 samples in equal intervals 
of time. The pumping chamber is disposable and both the pumping rate 
ond volume are adjustable. 


Nitralyzer 300AR 


SPIROMETERS 


MOUSE Spirometer 160 - An extremely accurate volume indicator which 
can be used to measure small changes in volume such as those obtained 
in oxygen uptake studies of small animals. 


WEDGE Spirometer 170 An uncomplicated, reliable, high-dynamics 
spirometer which provides simultaneous electrical output signals for volume 
and flow. The instrument is waterless but airtight and offers virtually zero 
resistance to breathing. 


Servo-Spirometer 250 - Electrically driven servo-controlled spirometer with 
extremely high dynamic response for following the widest range of human 
inputs with no loading of the patient. 


Servo-Spirometer 350 - Similar dynamics as the Model 250 but ‘has 
higher accuracy and greater flexibility provided by a variety of scales and 
gain controls. Can be programmed for automatic re-cycling and used for 
many extended studies not heretofore practical. 


Data Optimizing Computer 190 


For complete specifications write or call 


MED-SCIENCE ELECTRONICS, INC. 
‘formerly named 


CUSTOM ENGINEERING AND DEVELOPMENT CO. 





TELEPHONE JEFFERSON 5-7800 +» DEPT. D-2 + 2647-49 LOCUST STREET + ST. LOUIS 3, MO. 
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presents the disposable 
cage that stands by itself... 


The New Disposable Econo-Cage #21, 
Pictured Above, Brings To Animal 
Care A Rigid Plastic Disposable Cage 
That Spells Real Economy. It Stands 
By Itself Requiring No Expensive 
Supports That Prevent Full Visibility. 
Designed Primarly For Mice, The 
Cage is 11'4”x 7%” x 5S’ Deep. The 
Floor Area Of 84 Square Inches Will 
Adequately House Up To 12 Mice. 
All 20 Series Lids Fit The New 
Disposable Econo-Cage #21. 

‘ 


ECONO-CAGE DIVISION — MARYLAND PLASTICS, INC. 9 East 37th Street, New York 16, N.Y, 


ORDER SPECIAL *218 SAMPLER TODAY: 10 disposable Econo Cages, 
plus 5 *22D lids... $19.35. Try the “cage that stands by itself’. 





worthington lyophilized alcohol dehydrogenase 





The best commercially available. 
YEAST ADH: 
LIVER ADH: 


Worthington now offers: 
PHOSPHOLIPASE-C 


(Lecithinase-C;alpha-toxin) 


GLYCEROL DEHYDROGENASE 
LUCIFERASE (BACTERIAL) 


2 x crystallized according to Racker. 


| x crystallized according to Bonnichsen and Brink. 





For information, write: 


_é.. Worthington biochemical corporation 
FREEHOLD 3, NEW JERSEY 






























eo 
| pete: a2 ‘| TRI-R Electronic THERMOMETER 
LABORATORY ANIMALS | 
| | THERMISTOR TYPE 
@ RAPID... 
Read temperature 
~ produced in seconds 
+ through the facilities of || @ ACCURATE... 
—, HEMLOCK HOLLOW FARM | +12% of scale 
“ iii a and range 
, CAMM RESEARCH | | @ RANGES... 
s INSTITUTE, INC. | ene 
@ DIRECT 
|| READING... 
MICE The Swiss-Webster strain and the ICR strain In °C. and °F. 
intained i tirel rat lonies. 
Shoe Sortes ites ove candioss tad, dened eolany. © REMOTE 
RATS These strains are available: Sprague-Dawley, READ- 
derived from descendants; the Sherman or ING eee 
Osborne-Mendel origin; the Wistar. Leads to 
RABBITS New Zealand White, hinchilla and Dutch 1000 feet 
ODi=—=2_£ e LOW 
GUINEA Only one strain, the Hartley, is produced. They COST uals 
are exceptionally vigorous, resistant to infec- Priced from $72.00 
PIGS tions, and free of respiratory ailments. e STABLE ds 
Mercury cell battery models, regulated line operated models 
Write for our New Brochure! © PROBES... 
: Interchangeable and special for human, animal, laboratory use 
CAMM RESEARC by INSTITUTE | NC For Thermometer bulletin write Dept. F121 
J . 
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" FARM ° 


414 BLACK OAK RIDGE ROAD 
WAYNE, NEW JERSEY 
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TRI-R INSTRUMENTS 


Developers of Electronic and Mechanical Instruments for Scientific Researct 


144-13 JAMAICA AVENUE, JAMAICA 35, N. Y. 














ways PICKER NUCLEAR can help you 


oxo Ulatilate mel mite |elloMt-t-Taal e)(-1- \ Tred ce 
survival t me 
studies 
whole bleod, plasma 


and red.cell volume 
determinations 


lodine-131 
urine excretion 
measurements 


fat absor pt 
measurem¢ 


pernicious 
anemia | 
diagnosis 
P.B.1. and P.{ 
version rat 
terminat 


Blood, urine, saliva radioactivity measurements 
are made with greater ease and efficiency 

on a Picker well-type Scintillation Detector 
because .. 


eit uses a larger crystal with 
1” D well (holds samples 
up to 15 cc) The Picker well-type Scintillation De- 
tector (Well Counter) is one of the 


«it provides removable splash 
guards in the well or on top 


of the crystal 


eit has 2” of lead shielding on 
all sides, including the bottom 


« its fingerlift lid is cqunter- 
} 
{ 


balancec 


comprehensive Picker line of nuclear 
instrumentation and supplies: all mar- 
keted and serviced through a national 
network of company offices staffed by 
trained Picker people. Picker alone in 
the nuclear field offers this caliber of 
local service. 


For details call your district office (see 
*phone book) or write Picker X-Ray 
Corporation, White Plains, New York. 


* 


nuclear 
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we could put five years | 


right here 






in this - 






How many microslides do you average a day? Fifty, maybe? 


A Lab-aid stack only 19” square and about five feet high 
would keep five years’ output right at your fingertips. 

That's because “Lab-aid” design gives you 45% more capacity, 
inch for inch, than conventional filing units. Think of it. . . 

a single unit section only five inches high, compact enough 

to fit handily on a desk top, will hold 6500 slides! 


And that's not all . . . by interchanging different drawer sizes 
1”, 2”, and 4”, you can file Kodachromes, lantern slides, and 
index cards in the same cabinet. Other special-purpose 
cabinets (same basic dimensions so they all stack together) 

let you file fresh slides flat in spread-out trays, or file 

paraffin blocks in shallow drawers. 





The beauty of it all is that you get all these advantages 
at no greater filing cost-per-slide than ordinary cabinets. 


TECHNICON Uf 


Bulletin No. 141-56 tells the story. Let us send it to you. 





THE TECHNICON COMPANY, CHAUNCEY, N. Y. 
laboratory filing system 
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Serum, Plasma or Urine 
determinations... ere 


with the new 


i) TS* meter 


(a Goldberg Refractometer) 


The new AO TS Meter requires just one drop 
of sample to provide immediate, accurate deter- 
minations of total solids, specific gravity, refrac- 
tive index, protein concentration or water 
concentration in serum, plasma and urine. 


Minute Sample Required: As little as 0.02 ml 
of sample is sufficient for the most precise deter- 
mination. Minute sample previously reported 
“q.n.s.” now can be read routinely for example, 
in pediatric urinalysis, in oliguric patients, and 
in collection from ureteral catheters or micro- 
hematocrit tubes. 


Temperature-Compensated for Unsurpassed 
Accuracy: The AO TS Meter provides auto- 
matic temperature compensation for all aqueous 
solutions. Differences in room, instrument or 


sample temperatures do not affect readings.. 


Error from these sources is reduced to less than 
0.1% over the range of 65° to 95°F. Readings 
are consistently obtained with a degree of accu- 





----- American () Optical ----- 








racy, speed and reproducibility significantly 
better than those obtained with urinometers, 
the falling-drop method or with instruments 
uncompensated for temperature. 


Direct Readings: You make an immediate 
analysis directly from the built-in scale... 
without references to graphs, tables or ther- 
mometer readings. Two models are available. 
Model 10400 provides determinations of total 
solids in plasma or serum and urine specific 
gravity; model 10401 gives readings of protein 
concentration and refractive index. 


*Total Solids Meter. The AO TS Meter and 
this method of analysis was developed in close 
cooperation with Dr. A. V. Wolf, Head of the 
Department of Physiology, University of 
Illinois, College of Medicine, Chicago, III. 


Write for complete information! 

















IN CANADA write 
Toronto, Ontario 


December 1961 


American Optical Company Canada Ltd., Box 40, Terminal A, 


r 
; COMPANY 

i INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 

| Dept. Z 202 

t Gentlemen: Please send Brochure $B10400-with complete information about the new 
! AO TS Meter. 

I Name 

Address 

| City : fae Zone Stat> 

u. 
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Outstanding RONALD books: - - 








The Nineteenth Symposium of the Society for 
the Study of Development and Growth— 


iSYNTHESIS of MOLECULAR and 
CELLULAR STRUCTURE 


Edited by DOROTHEA RUDNICK, Albertus Magnus College 
and Yale University; with 9 Contributors 


Just Published! This volume presents the more recent advances 
of significance in the study of the chemical and cellular aspects 
of organic differentiation, from molecules to tissues and organs. 
On the basis of original studies, nine well-known authorities 
discuss subjects ranging from behavior of nucleic acids and adap- 
tive enzyme control, through regulation of tissue growth and 
differentiation én vitro, to control of organ regeneration in Am- 
phibia. r96r. 252 pp., tllus. $9.00 


The 16th, 17th, and 18th Symposia— 


DEVELOPMENTAL CYTOLOGY, Dorothea Rudnick, Editor, 
with 10 Contributors. rgs9. 215 pp., tllus..............$8.00 
CELL, ORGANISM, and MILIEU, Dorothea Rudnick, Editor, 
with 12 Contributors. 1959. 326 pp., ¢éllus. . 3 See aeeeseO 
DEVELOPING CELL SYSTEMS and THEIR CONTROL, 
Dorothea Rudnick, Editor, with 12 Contributors. 1960. 240 
Do ah Re en ey cc) 


The sixth annual symposium publication 
of the Society of General Physiologists— 


MACROMOLECULAR 
COMPLEXES 


Edited by M. V. EDDS, Jr., Brown University 


The studies presented in this volume are representative of recent 
efforts to analyze complex macromolecular aggregates—to ask 
questions about the origin, interaction, and spatial disposition 
of their components, and to assess the respective roles of each 
constituent in the properties of the whole. 14 prominent investi- 
gators present evidence that supports the assertion that large 
molecules of diverse types are assembled in rigorously patterned 
arrays, and in turn it is assumed that many of the structural and 
functional properties of the living system depend critically on 
the distribution of matter and energy in these arrays. 1961. 
257 pp., éllus. $7.00 


Other S. G. P. Symposia—- 


SUBCELLULAR PARTICLES, Teru Hayashi, Editor, with 
20 Contributors. rg9s9. 213 pp., éllus............... $8.50 
PHYSIOLOGICAL ADAPTATION, C. Ladd Prosser, Editor, 
with 14 Contributors. 1958. 185 pp., illus.......... .. $4.00 
INFLUENCE of TEMPERATURE on BIOLOGICAL SYS- 
TEMS, Frank H. Johnson, Editor, with 24 Contributors. 
1957- 275 ppP-, dims........ 5a . $4.50 
PHYSIOLOGICAL TRIGGERS are DISCONTINUOUS RATE 
PROCESSES, Theodore H. Bullock, Editor, with 16 Con- 
tributors. 1957. 179 pp., éllus Bee . .$4.00 
ELECTROLYTES in BIOLOGICAL SY STEMS, pen M. 
Shanes, Editor, with 11 Contributors. ross. 243 pp., 


THE RONALD PRESS COMPANY 





HUMAN FACTORS in 
JET and SPACE TRAVEL 


S. B. SELLS, Texas Christian University; and 
CHARLES A. BERRY, Lt. Col., USAF (MC) 
Aerospace Medicine Division, 

Office of the Surgeon General, USAF 


This medical-psychological analysis covers the latest ] 
methods and achievements in aerospace medicine. 13 leading re- 7 
searchers describe worked-out solutions to known problems and | 
indicate means for dealing with future problems. Physiological, 7 
medical, psychological, and mechanical problems are ap. 7 
proached from the practical viewpoint of A ve scandent 

techniques, and objectives for dealing with them. Book includes 
sections on preventive medicine and on the clinical picture | 
of flight-related ailments and diseases. ‘‘The authors apply the @ 
disciplines of simplicity, reason, clarity, and objectiveness.”—Tue % 
Lancet. 1961. 386 pp. $12.09 4 


The Third International Symposium of 
the International Society for Research 
on the Reticuloendothelial System— 


RETICULOENDOTHELIAL 
STRUCTURE and FUNCTION 


JOHN H. HELLER. M.D., New England Institute for 
Medical Research, Ridgefield, Connecticut 


In this symposium outstanding investigators from various 
disciplines summarize advances and exchange ideas relative to 
the RES. Diverse phases of such broad areas as morphological 
aspects, antibody synthesis, host defense mechanism, radiation 7 
and isotopic studies, steroid and phagocytic function, tumors _ 
and leukemias, inflammation, and cholesterol and lipid metab- 
olism are reviewed and critically discussed. “‘This ts the latest 
word in a promising area of medical progress.” —PrpiaTRIcs. 1960. 
473 pp. $12.00 


The CHEMICAL PREVENTION 
of CARDIAC NECROSES 


HANS SELYE, University of Montreal 


A one-volume correlation of recent clinical and experimental 
observations on cardiac necroses, viewed in the light of exten- 
sive investigations on the roduction and prevention of the 
electrolyte-steroid-stress cohapedbies 3 in animals. ‘‘The findings 
reported in this highly readable volume will no doubt open up new 
avenues of research.”’—Pxrrsprctives IN B1otocy AND MEDICINE. 
“Its implications are both fascinating and stimulating.” —Tus 
LANCET. 1959. 236 pp. $9.00 


INTRODUCTION to 
QUANTITATIVE GENETICS 


D. S. FALCONER, University of Edinburgh 


This book focuses on the inheritance of quantitative differences 
between individuals—differences of degree rather than of kind— 
which form the major part of biological variation. The basic. 
theory of quantitative variation is Sood ed, showing what 
variations can be attributed to genetic and non- genetic cau 

Book covers the relationship between quantitative characters 
and biological fitness, the causes of genetic variability in natural 
populations, and the i, of genes concerned with quantis 
tative variation. ‘‘An excellent book both for teaching and reference.” 

PranT Lire. 1960. 348 pp. $6.09 


15 East 26th Street, New Youk 10 
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$12.00 SERIES 700 LIQUID SCINTILLATION SYSTEMS 


ON UNSURPASSED IN PERFORMANCE, 
EFFICIENCY, AND CONVENIENCE 
FOR THE BIOLOGICAL RESEARCHER 
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NUCLEAR-CHICAGO SERIES 700 


LIQUID SCINTILLATION SYSTEMS OFFER UNPARALLELED 
PERFORMANCE, EFFICIENCY, AND CONVENIENCE 


The Series 700—compatible with your pres- 
ent standard scaling instruments—easily ac- 
commodates to growth of research programs 
and equipment needs. The interchangeability 
of the unique dual detector, elevator assem- 
bly, solid-state electronics, and cabinetry 
permits the small laboratory to advance from 
one system to another as the budget grows— 
to go from manual operation at room temper- 
atures with the 701, to manual temperature- 
controlled operation with the 702, and on to 
automatic temperature-controlled operation 
with the 703. Larger laboratories, requiring 
utmost precision for large numbers of sam- 
ples, can obtain the 703 system with sophis- 
ticated, automatic readout — provided by 
Nuclear-Chicago’s new Logic Series scalers, 
timer, and printer. 


In all three systems, independent two-chan- 
nel selection permits overlapping or sepa- 
rated channel counting. True double pulse 
resolution of less than one microsecond al- 
lows high speed counting with extremely 
small resolution losses. New, high gain photo- 
multiplier tubes permit use of low electronic 


gain, providing vastly improved overload re- 
covery characteristics while eliminating sys- 
tem “paralysis.” Now, isotopes of widely 
differing energies and samples with count- 
rates varying from 500 cpm to 1,000,000 
cpm can be counted alternately without 
gain shifts or memory effects causing loss 
of reproducibility. 


MODEL 701 Liquid Scintillation System is 
chosen for economical, room temperature 
counting of carbon-14 and tritium. It is a 
modestly priced, high efficiency basic system 
with components common to all 700 Series 
models. The compact console houses a motor- 
driven elevator to position the sample in an 
optical cell; a dual-detector assembly; stabil- 
ized high voltage supply; fast coincidence cir- 
cuitry; and a high speed, dual channel pulse- 
height analyzer. The detector assembly con- 
sists of high efficiency dual photomultiplier 
tubes shielded from external radiation and 
ambient temperature changes by steel and 
lead. A precision, automatically operated 
shutter eliminates light exposure to the pho- 
tomultiplier tubes and permits use of the 701 
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in ordinary room lighting. Output signals 
from the solid state circuitry are shaped 
pulses which can feed any standard scaling 
instrument. Nuclear-Chicago’s Model 8250 
Logic scaler is shown here mounted atop the 
701 console. 


MODEL 702 has the dual-detector assembly 
mounted in a custom designed cooling cham- 





d re- ber which permits highest efficiency for man- 
idely ual counting of C-14 and H-3 samples. The 
ide 


' cooling chamber temperature is variable from Model 701 
wap +10° to +50°F and is stable with +1°F. 


0,000 A pushbutton control on the front of the 
thout cooling chamber operates the motor-driven 
; loss elevator which positions the sample in the 
dual detector assembly. Logic 8250 scaler 
em is and Logic 8600 timer are shown. 
ature 
isa MODEL 703 is the most advanced counting 
stem system of its kind, providing both automatic 
Series sample changing and temperature controlled 
.0tor- operation. Its sophisticated options of data 
in an presentation and versatile modes of auto- 
tabil- matic operation suggest it as the system of 
€ cil- choice for laboratories counting many sam- 
nulse- ples. A two-digit display on the cooling cham- 
- con- ber shows the number of the sample which is 
iplier in the counting position. The changer accepts 
. and up to 50 samples at a time, and an additional 
| and removable rack holds 50 more samples for 
rated temperature adaptation prior to measure- 


. pho- ment. Two 8250 scalers, 8600 timer, and 
8401 digital recorder are shown. 




























































SYSTEMS 
RESEARCH 


The systems presented here demonstrate the 
scope and completeness of Nuclear-Chicago’s 
products for the biological researcher. They 
are—instrument by instrument, and system 
by system—capable of efficient, precise per- 
formance with unusual reliability. They are 
representative of the more than 250 in- 
struments, counting systems, radionuclides 
and accessories presented in detail in Nu- 
clear-Chicago’s new, 96-page general catalog. 
Please send for your copy — you will find 
unequalled variety and versatility in the 
complete Nuclear-Chicago line. 


C100B Actigraph II® automatically 
scans strip radiochromatograms. 


6000 Dynacon® Electrometer measures 
beta radiation in solid, liquid, or gaseous 
samples. 


C120 Automatic Sample Changer accepts 
up to 49 gamma-emitting samples in test 
tubes. Scintillation well detector is mounted 
in console. 


C110B Automatic Sample Changer ac- 
cepts up to 35 solid beta samples 1 in. or 
114, in. diameter. 


C115 Automatic Beta Sample Changer is 
supplied with guarded gas-flow detector with 
background of only 2 cpm. 


C210 Automatic Sample Changer accepts 
50 or more beta samples up to 2 iri. diameter. 





/ 4 
_y» _ muctlear-chicago 
333 East Howard Avenue Des Plaines, I/linois 
Printed in U.S.A 
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The Universal Valving System built into the 


Beckman/Spinco 120 Analyzer provides two 
key advantages to instrument owners: 


@ it makes routine amino acid analyses simpler; 


@ it facilitates special analyses such as separat- 
ing, identifying, and quantitating peptides, 
physiological fluid components, and radioac- 
tive amino acids. 


Essentially a “switchboard,” the Valving System 
allows you to select instantly the proper flow 
arrangement for each chromatographic experi- 
ment. For example, separated fractions from an- 
alytical columns can be directed outside the 
Analyzer for scintillation counting or ultraviolet 
scanning, then returned to the instrument for 
ninhydrin analysis. Flows from special external 
columns can be fed into the instrument. A sample 


Beckman: 


New valving “switchboard” 
adds simplicity, flexibility 
to Amino Acid Analyzer 


of the stream from an accessory preparative 
column can be monitored for peptide or amino 
acid content, while the fractions are collected 
separately. 


Instrument operators will appreciate the special 
valves of stainless steel, PVC, and teflon that 
have replaced glass and glass-plastic stopcocks. 
The valves are leak-free, precise, non-sticking, 
self-lubricating, and are individually accessible 
on a swing-out panel. 


Other features of the Analyzer include installa- 
tion, operator training, and a full year of routine 
and emergency service—all at no extra cost. 


For complete information on the 120 Amino 
Acid Analyzer, write Beckman Instruments, Inc., 
Spinco Division, Stanford Industrial Park, Palo 
Alto, California. Ask for Data File 120-6 


Spinco Division 
Beckman Instruments, Inc. 
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YH 
ROCKLAND 


FORUM 


Examine these relationships 
when variations in findings 
are difficult to explain 


There are a number of factors which alert investigators 
must constantly scrutinize and evaluate if biological ex- 
perimentation is to result in maximum productivity. 

One of the most important of these is the relationship 
of one factor to another. For should the reaction of 
these relationships be over-looked, variations in experi- 
mental results would be hard to trace. 

What are these relationships? Some of the more basic 
ones are the relationship of nutritional requirements to: 
body surface area; energy-amino acid content of the diet; 
food intake. And within the nutrients themselves, many 
other relationships exist. Relationships such as those 
indicated by an optimum balance between essential amino 
acids; the effect of change in the calcium-phosphorous 
ratio; and the sparing effect of niacin on the trypto- 
phane requirements. 

Some relationships are more complex than others. For 
example, one of the most critical relationships which the 
investigator should consider is the relationship of physio- 
logic status and nutritional deficiencies. This relationship 
is indicated when nutritional abnormality results in a 
diseased state. Often this presents a perplexing problem 
because systemic disease unrelated to nutrition may pre- 
cipitate a nutritional deficiency even though normally 
adequate intake of nutrients is inaintained. The use of 
diets improperly balanced and controlled (from a qual- 
ity or manufacturing viewpoint) could cause even further 
variations in findings. 

Rockland Laboratory Diets have been carefully bal- 
anced to meet the specific laboratory animal’s nutritional 
requirements and their formulation remains constant. 
This permits the investigator to relate one experiment to 
another without introducing dietary variables outside of 
his control. Thus, the investigator can depend on 
Rockland to provide good nutrition for his animal charges 
with a minimum of experimental variations due to diet. 

For further information on RocKLAND standard refer- 
erence stock diets, see your RocKLAND Dealer or write: 
A. E. Staley Mfg. Co., Decatur, Illinois—manufacturers 
and distributors of: 

R,OCKLAND RAT DIET (complete) *ROCKLAND DOG DIET eR,OCKLAND MOUSE DIET 


*ROCKLAND MOUSE WORMER-DIET * ROCKLAND RABBIT RATION * ROCKLAND 
RAT DIET (D-Free) © ROCKLAND GUINEA PIG DiET ¢ ROCKLAND MONKEY DIET 


ROCKLAND DIETS 























SAVE up to 95% 


of your 


COSTS 


on 


RABBIT BIOLOGICALS 


plus 
Your Valuable Research Time! 


Let Us Supply Your Needs For 
RABBIT BIOLOGICALS 
Tissues - Glands - Organs - Serum 


Your enthusiastic response to our display at 
the Federation Meeting proved to us that 
you NEED this service! 


NOW you can devote your valuable time to 
your research! No need to waste hours ob- 
taining your biologicals from live rabbits. 


At Pel-Freez, rabbits are quickly dispatched 
and completely bled. The tissues you need 
are removed in a matter of minutes, placed 
under dry-ice cooling, and frozen. Safe arrival 
in frozen condition is guaranteed. 


Write Today for ... 
FREE BROCHURE 


PEL-FREEZ BIOLOGICALS, INC. 
Box 68F Rogers, Arkansas 
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a for dependable, precision microtome sectioning 








LS 








ime! 
The Large Minot Rotary e precision micrometer mechanism permits selection of 
Microtome (#1212) embod- . cutting thickness between 1 and 25 microns 
les tr aditional Leitz quality e rigid knife blocks with rotating knife clamps, heavy ball- 
lay in a heavy design that in- anq-socket device for object clamp and paraffin stage 
lay at sures the utmost rigidity and - ; ngs 
s that freedom from vibration. ° ball-and-socket clamp permits rapid positioning of the 
This microtome is ideally Specimen in any direction 
suited for rapid, accurate, e inclination of the knife readily adjustable as required 
ce Pe % f hese e adjustable knife block available for producing paraffin 
ime to a ee ee ations with obliquely positioned knife 
mens and for industrial 
irs ob- applications such as exami- ¢ conveyor belt available for receiving series of sections 
its. nation of textile fibers. Write today for illustrated brochure #53-8, “Leitz Microtomes.” 
E. LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N. Y. 
Oietributors of the wortd-famous ereducts of 
atched Ernst Leitz G.m.b.H.,Wetztar, Germany—Ernst Leitz Canada Ltd. 
4 LEICA CAMERAS :- LENSES: PROJECTORS . MICROSCOPES -: BINOCULARS 
1 née 


Other Leitz Microtomes: 
pl aced Freezing Microtome (#1213) Large Freezing Microtome Base Sledge Microtome (#1300) for large 





arrival for sections from 5 to 10 mi- (#1310) for sections from 2.5 and/or very hard sections from 1 to 20 
crons in 5-micron intervals. to 50 microns in 2.5-micron microns thick. 
intervals. 32559 
eee 
ansas 
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TISSUE SLICER casieg xo. :4 


ried 





A simple apparatus for the preparation of uniform thin slices of brain, 
liver, etc.* The device can be easily adjusted to produce slices from 
0.1 mm. to 3.0 mm. in thickness. Actual cutting is done by use of a 
6” section of disposable blade mounted in an aluminum holder set 
on a cast aluminum base. Thickness adjustment is varied by use of 
shims made of folded aluminum foil. (One thickness of foil equals 
approximately 15y.) Furnished complete with four blades. 
$48.50—f.o.b. Dover, Mass. 
*G. Majno and W. E. Bunker. Preparation of Tissue Slices for Metabolic Studies: 
A Hand Microtome Especially Suitable for Brain. Journal of Neurochemistry, 
1959, Vol. 2, Pages 11-14. 


TISSUE PRESS cae x. 14 


A screw type press for the removal of connective tissue in the 
preparation of homogenates. Ruggedly constructed of #303 
stainless steel, the entire device is easily disassembled for 
cleaning. Both a coarse and a fine sieve are furnished. The two 
sieves can be used at the same time to provide very fine open- 
ings. Approximate capacity of 30 cc. of material. 
$75.00—f.o.b. Dover, Mass. 


Data Sheet T-140 and Catalog 1960-61 available on request 


HARVARD APPARATUS CO., IMC. ~- Dover, Mass., U.S.A 


(a non-profit organization) 











ALL PLASTIC 
STOPCOCK 
TAPNIK 


THE NEW NON-STICK 
BURETTE STOPCOCK 


New diaphragm principle assures delicate, 
positive flow control from a drop to a 
steady stream. 

No lubrication necessary. 

Ideal for both acid and alkali solutions. 
TAPNIK has been widely used as a replace- 
ment for defective stopcocks. 

: Extra neoprene and polyethylene dia- 
MODEL #22700 phragms supplied with each TAPNIK 


SERVO-GRAPHIC TP -1B... TAPNIK only $2.00 each 
FEATURES: RECORDER 21 -60 doz. 


* Pen travel 1 Second full scale RANGE: 0-10 MILLIVOLTS 0.C. TP -2B...TAPNIK with 
Accuracy 99% or better 0-100 MILLIVOLTS D.C. 25 ml Burette $6.00 each 32.40 
Photoelectric nn ste life case (6) 
Zener diode stabilized reference The Servo-Graphic Recorder is an . 
voltage ideal laboratory instrument. Put it TP -3B...TAPNIK with 
Adjustable paper speeds to work and save a valuable tech- | 50 mi Burette $6.00 each 32.40 
Input suitable for high impedance nician’s time. O.E.M. users invited. case (6) 
sources 
Adjustable range control Write for literature 


Apparatus and Chemicals 5" 


OF H. sO) = ee co. j |ENERAL Industry and Science 


12” CHART SERVO RECORDERS a } 1 | 
MULTI-CHANNEL HIGH FREQUENCY OSCILLOGRAPHS Ren HR IRE | H\ "|| ! || | Ht HN 
POLYGRAPHS © KYMOGRAPHS @ MANIPULATORS l ) | 


P.O. BOX 2607 + PATERSON, N * AR 


424 NORTH HOMAN AVE., CHICAGO 24, ILL. 


















Condensing coils and product are in the same 
‘vacuum chamber in the unique Sublimator design. Re- 
sult — important savings in original equipment and 
operating costs PLUS increased drying efficiency. 

Sublimators are fully mobile instruments, with the 
complete equipment housed in an unusually compact 
cabinet. To operate, simply connect the single electric 
cord to a suitable outlet — no plumbing connections are 
required. 

Products are frozen on the automatically refriger- 
ated shelves, and are then freeze-dried under the 
influence of the high vacuum obtained and controlled 
heat input to the shelves. Reverse cycle refrigeration 
provides ultra-rapid defrosting of the condensing coils 
at the conclusion of a dehydration. 





Sterility is maintained by the automatic tray cover lift which raises the covers off each tray 
during freeze-drying and covers each tray before air is re-admitted to the vacuum chamber. Subli- 
mators are equipped with internal stoppering plates for those applications which require sealing 15 
vials under the original vacuum. 





Sublimators are available in three capacities — the 15, 40, and 100, ranging from 4.5 ® 
square feet to more than 30 square feet of total shelf area. Accessory equipment, including tem- & 
perature and vacuum recorders, is conveniently built into the side of the cabinet. - 
ian wT Write for full details on the modern, ECONOMICAL, Sublimator freeze-drying method. 

i. Industries, Inc. Gardiner, New York 








NEW INSTRUMENTS FOR 1961... 


featuring the 


X-65 
OXIMETER 


An improved, simplified oximeter for de- 
termining and monitoring blood oxygen 


saturation. 


e Precision multi-turn controls 


e Operates with either cuvette 
or earpiece 


e Improved galvanometer 
e immediate continuous analysis 


e Compact, portable, easier to 
read 


e Rugged construction 


Write for Bulletin X-65/60 


SPECIALISTS HYPOPHYSECTOMIES 
AND OTHER 
SURGICAL PROCEDURES 


"From the hand of the 


veterinarian to research” 






relle}iatey 
rats 


CHARLES RIVER CD* 
(Caesarean-derived) 
CHARLES RIVER CD* F 
(Fischer 344 descendants) 
CHARLES RIVER CD* W/Fu 
(W/Fu descendants) 
CHARLES RIVER SD 
(Sprague-Dawley descendants) 
CHARLES RIVER W 
(Wistar descendants) 





OVERNIGHT 
AIR SERVICE 
FROM BOSTON 


Our affiliate, The Charles River Mouse Farms, Inc. 
is now producing 500,000 Caesarean-derived mice annually 









The Charles River Breeding Laboratories 
P. O. Box P REgent 4-2000 Brookline 46, Mass. 





*Trade Mark used exclusively for Caesarean-derived animals 
produced by The Charles River Breeding Laboratories. 
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Factory trained representatives are 
located throughout the United States. 


1 -medical 
aters | secrenediss! 


THE WATERS CORPORATION 


ROCHESTER, MINNESOTA 


Volume 20 








Placement Service 
Atlantic City 


The Placement Service will be located in the LOWER 
LOBBY of Convention Hall. It will be open to candi- 
dates for employment on and after Friday, April 13 at 
1:00 P.M. and to employers on and after Saturday, 
April 14 at 8:00 A.M. All users must be registered for 
the annual meeting and with the Placement Service. 
THE FOLLOWING HOURS WILL BE OBSERVED: 
Friday (registration of candidates only) 
1 P.M.-5 P.M. 

Saturday through Tuesday 8 A.M.-5 P.M. 

Interviews: Sunday through Tuesday 
Advance registration will be accepted at the Washington 
Office of the Federation until March 30, 1962. Employers 
using the interview facilities must be either annual sub- 
scribers to the Placement Service Lists or subscribe to 
the February 1962 List of Candidates. 


All correspondence should be addressed to: 
Placement Service, FASEB 
9650 Wisconsin Avenue 
Washington 14, D. C. 





lume 20 





OFFERING NEW 


TECHNIQUES 


FOR DAILY USE 





O A. Albert—-HUMAN PITUITARY GONADO- 
TROPINS: A Workshop Conference. Pub. July ’61, 
448 pp., 200 il., $16.75 


oO H.J. B. Atkins—TOOLS OF BIOLOGICAL RE- 
SEARCH. Volume III, Pub. Aug. ’61, 168 pp., 78 
il., $8.50 


Oo C. R. Austin—THE MAMMALIAN EGG. Pub. 
Dec. ’61, about 120 pp., about 76 il. 


oO G.E. Briggs et al—ELECTROLYTES IN PLANT 
CELLS. Pub. Aug. ’61, 228 pp., 66 il., 26 tables, 
$8.00 


O Roy Cameron & W.G. Spector—THE CHEMISTRY 
OF THE INJURED CELL. Pub. Sept. ’61, 160 pp., 
11 il. (Amer. Lec. Living Chemistry), $6.00 


O F. Gaynor Evans—BIOMECHANICAL STUDIES 
OF THE MUSCULOSKELETAL SYSTEM (With 
11 recognized authorities contributing). Pub. Oct. ’61, 
232 pp., 196 il., $9.00 


0 Luigi Gedda—TWINS IN HISTORY AND SCI- 
ENCE. Pub. Nov. ’61, 266 pp. (73 x 10), 294 il., 
$12.50 


O Thomas G. Hull & Tom Jones—SCIENTIFIC 
EXHIBITS. Pub. Sept. ’61, 144 pp., 96 il., $6.50 


0 George James & Theodore Rosenthal—TOBACCO 
AND HEALTH. Pub. Dec. ’61, 432 pp., 132 il. 


O E.R. King & T. G. Mitchell—A MANUAL FOR 
NUCLEAR MEDICINE. Pub. Sept. ’61, 416 pp., 


143 il., $13.50 


O FE. H. Mercer and M. S. C. Birbeck—ELECTRON 
MICROSCOPY: A Handbook for Biologists. 
Pub. Aug. ’61, 88 pp., 13 il., 2 tables, $2.75 


O Waro Nakahara & Fumiko Fukuoka—CHEMIS- 
TRY OF CANCER TOXIN: TOXOHORMONE. 
Pub. Aug. ’61, 92 pp., 8 il. (Amer. Lec. Living 
Chemistry), $4.25 


O Samuel Natelson—MICROTECHNIQUES OF 
CLINICAL CHEMISTRY (2nd Ed.). Pub. Sept. 
61, 592 pp., 218 il., $14.75 


0 Giorgio Piccardi—THE CHEMICAL BASIS OF 
MEDICAL CLIMATOLOGY. Pub. Oct. ’61, 160 
pp., 29 il. (Amer. Lec. Living Chemistry), $6.25 


O Theron G. Randolph—HUMAN ECOLOGY AND 
SUSCEPTIBILITY TO THE CHEMICAL EN- 
VIRONMENT. Pub. Nov. ’61 


O Hans Selye—THE PLURICAUSAL CARDIOP- 
ATHIES (1961 Beaumont Lecture). Pub. Sept. ’61, 
492 pp., 287 il. (2 in full color), $21.00 


O R. H. Smythe—ANIMAL PSYCHOLOGY: A Book 
of Comparative Psychology Which Discusses 
the Behaviour of Animals and Man. Pub. Oct. 
’61, 268 pp., 67 il., $7.50 


O R. HH. Smythe—ANIMAL VISION: What Animals 
See. Pub. May ’61, 250 pp., 229 il., $6.50 


O R. H. Smythe—HOW ANIMALS TALK. Pub. Aug. 
’61, 124 pp., 10 il., $4.50 


O R. H. Smythe—THE MIND OF THE DOG. Pub. 
Aug. 61, 138 pp., 8 il., $4.50 


O Samuel Wesley Thompson et al—A HISTOPATHO- 
LOGIC AND HISTOLOGIC CODING SYSTEM 
FOR TISSUE COLLECTION. Pub. Oct. ’61, 256 
pp., $10.50 





CHARLES C THOMAS e PUBLISHER 


December 1961 


301-327 East Lawrence Ave. 
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Automatic Protein 


Pb ete Ae) 


Peptide Analyses 


(Either Individual Samples or Column Effluent) 





Quantitate... 


Total Nitrogen by Kjeldahl 
Total Protein by Biuret 


Total Protein by Folin—Ciocalteau 
(Lowry modification) 


Amino Groups by Ninhydrin 
Tyrosine by Folin—Ciocalteau 
Histidine by Pauly Diazo Reaction 
Arginine by Sakaguchi 

Glutamic Acid by Decarboxylase 
Lysine by Decarboxylase 


Aibumin by HABA Dye 
[2-(4’ hydroxyazobenzene) benzoic acid] 


Analyze... 


Biological Fluids directly 


Effluent from DEAE or Resin Chromatographic 
Column 


Effluent from Poraeth Electrophoretic Column 
Electrophoretic Starch Block Fractions 
Electrophoretic Paper Chromatogram Segments 
Check point stages in Protein Fractionation 


Counter Current Distributions 


with the TECHNICON® 


ee ‘ 


Any or all of these determinations may be run on the same 
AutoAnalyzer: Takes only two minutes to change from 
one type of analysis to another. Any combination may 
be run simultaneously from the same sample by adding 
additional standard AutoAnalyzer modules. The response 
time is such that most of the analyses may be run at 40 
samples per hour. 


for information, select area of interest and write to 


TECHNICON CHROMATOGRAPHY CORP. 
72 RESEARCH PARK + CHAUNCEY, NEW YORK 











FEDERATION 
PLACEMENT SERVICE 


I HE PLACEMENT SERVICE 


acts as a clearinghouse for information between 
employers and individuals seeking positions in 
the fields represented in the Federation. It 
maintains the following activities a: . 

1. Publishes QUARTERLY lists of candi- 
dates with brief summaries of their 
qualifications 

. Publishes SEMIANNUALLY lists of 
available positions in academic, indus- 
trial and government institutions, foun- 


i) 


dations and societies 
. Publishes ANNUALLY a list of fellow- 


ships, assistantships and traineeships 


Go 


4. Provides registration and interview fa- 
cilities for candidates and employers at 
the annual meeting. 


The following scale of charges has been author- 
ized by the Federation Board: 
Candidates registration fee 
(annual) $ 3.00 
Annual subscription to all 
lists (calendar year only) —$20.0¢ 
Single copy list of candidates 
(February, May, August 


and November) $10.00 each 


Single copy lists of positions 


(March and September) —$ 5.00 each 


Single copy list of fellowships 
(October) $ 2.00 each 


All correspondence should be addressed to: 
PLACEMENT SERVICE, FASEB 


9650 Wisconsin Avenue 
Washington 14, D. C. 
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WRITE FOR free product 
O sheet and 10-page 

preprint describing 

F & M's Model 609 

Gas Chromatograph. 


‘ANDROS TAN- 17~ ONE 
4-ANDROSTEN~ 3,17- DIONE 
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GAS CHROMATOGRAPI 


SOLVENT. 1h HEXANE - Me Cle 


CHOLESTANE 
SH ERCONAN =3,11,20-TRIONE 


ae 
Se Big 
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H * MODEL 609 


FEATURING 

=| « Indeperdent operation 

bes to 300°C—column, detector, 
and injection port 

« These temperatures indicated on 
recorder chart 

e 18 linear heating rates 
from 0.23 to 35°C/min. 

« Attenuation from 1 to 10,000,000 










F & M SCIENTIFIC CORPORATION 


Starr Rd. & Rt. 41, P. O. Box 245, Avondale, Pa. COlony 8-2281 




















=6 OF A SERIES 


LINEAR PROGRAMMED 
TEMPERATURE GAS 


CHROMATOGRAPHY 


6. ANALYSIS OF 
STEROIDS * 


Gas chromatographic separation of 
steroids has been complicated by the 
high boiling points and susceptibility 
to thermal decomposition of these sam- 
ples.1 In addition, biological samples 
of steroids are generally mixtures with 
widely differing boiling points and, 
when constant temperature chromato- 
graphs are used for analysis, separate 
runs at different temperatures are re- 
quired. 

Recently, however, analysis of ster- 
oids has proved feasible by the use 
of: 1) stable column liquid phases; 
2) ultra sensitive ionization detectors; 
and 3) temperature programming. 
Horning et al. introduced columns 
containing small amounts (1%) of 
SE-30 silicone gum rubber on the solid 
support.3 These columns both shorten 
the time and lower the temperature 
for analysis, but reduce the maximum 
sample size to a few micrograms. To 
utilize them, highly sensitive detectors 
such as flame or Beta-ionization be- 
come necessary. 


With linear temperature program- 
ming, the column temperature is in- 
creased during a run from a low to a 
high value for optimum separation of 
all components. This technique permits 
a complete analysis of wide-boiling 
mixtures in a single run with one 
sample. Programmed temperature in- 
struments also permit analysis of tem- 
perature sensitive steroids which de- 
compose at flash vaporization tem- 
peratures. By lowering the injection 
port temperature, these materials are 
injected onto a cold column. After 
allowing several minutes for vaporiza- 
tion, the column temperature is in- 
creased to obtain the chromatogram.? 


The chromatogram at the left was 
obtained on F & M’s Model 609 Flame 
Ionization Linear Programmed Tem- 
perature Gas Chromatograph, using a 
2 ft. column of 1% silicone gum rubber 
programmed from 175° to 235°C. Note 
that androstane was separated from 
the solvent and all the peaks have 
similar shape for easy analytical meas- 
urement. The same instrumentation 
and column are also adaptable to 
sterols, cholesterol esters, bile acids 
and alkaloids.3 


LITERATURE CITED 


(1.) Beerthuis, R. K., and Recourt, J. H., 
_Nature, 186, 372-374 (1960). 

(2.) *Martin, A. J., Euston, C. B., and Marti- 
nez, F. W., Jr., ‘‘The Design and Evalu- 
ation of a Linear Programmed Tempera- 
ture Gas Chromatograph Featuring a 
Hydrogen Flame Ionization Detector,’’ 

resented at the Detroit Anachem Con- 
erence, October 1960. 

(3.) VandenHeuvel, W. J. A., and Horning, 
E. C., Biochem. Biophys. Research Com- 
mun., 3, 356-360 (1960). 
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F & M SCIENTIFIC CORPORATION 
Starr Road and Route 41 + P. 0. Box 245 





Avondale, Pennsylvania + 














CONVERT YOUR CAGES TO METABOLISM CAGES 
BY SIMPLY CHANGING THE PAN 


ACME’s all stainless steel metabolic 
collection pans change housing cages 
into efficient metabolism cages. 







SPECIAL TAPERED DESIGN CAUSES 
URINE TO RUN INTO COLLECTION 
BOTTLE WHILE FECES REMAIN IN 
PAN. 


Illustration of AC-1003 Rabbit Meta- 
bolic Collection Pan in same space as 
service pan. Both pans are _inter- 
changeable in same cage. 


Write for prices and additional information 


ACME METAL PRODUCTS, 


Quality Cages Since 1912 
7757 S. SOUTH CHICAGO AVENUE, CHICAGO 19, ILLINOIS 


INC. 


REgent 1-8080 


ANOTHER ACME_ 
QUALITY | 
PRODUCT 





Metabolic Pans For 
RABBIT CAGES 
MONKEY CAGES 
CAT CAGES 
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from’ Acetie Acid «Cl tone Dimethyl-C!* 


®@ Cabinet construction as 
a single unit with 
acoustically insulated 
working chamber. 


@ Titanium probes provide 
greater resistance to 
corrosion and erosion. 


HAS PROVIDES THEM ULTRAPURE 






The NEW 
MSE-60 Watt 
Ultrasonic 

Disintegrator 


designed to produce and utilize sound energy for the 
mechanical disintegration of cells and bacteria. 


@ Built-in thermo-ammeter 
to give accurate 
indication of tuning. 


@ At 20,000 cycles. 


@ Volumes from 1 to 50 ce. 


Submit your labeled compound 


requirements for a prompt 


quotation and prompt service. 


NUCLEAR SCIENCE CORPORATION 
4062 FABIAN WAY, PALO ALTO. CALIFORNIA 
PHONE AREA CODE 415, DA 6-7500, TWX-PAL AL 58 


HAZLETON 
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Distributors of Laboratory 
and Scientific Specialties 
17 West 60th Street New York 23, N. Y. 
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MEDOTOPES 





IODOTOPE DIAGNOSTIC 
Thyroid gland uptake, 
protein-bound-iodine (PBI) 
studies, and thyrojd scanning. 


ALBUMOTOPE 

Blood and plasma volumes; 
circulation times, cardiac 
output 


CHROMITOPE SODIUM 
Tagging red blood cells 
for volume, survival, 
gastrointestinal bleeding 


OLEOTOPE 
Fatty acid absorption studies 
TRIOLEOTOPE 

Fat absorption and 
pancreatic function 

studies 


RADIO-CHOLOGRAFIN 
Liver function, blood 
circulation studies. 
ROBENGATOPE 

Liver function. 


HIPPUTOPE 
Kidney function, 
circuiation time 


Medotopes by Squibb — 
Radioactive Pharmaceuticals for diagnosis and therapy 





Medotopes 


SQUIBB 
Squibb Quality 


—the Priceless Ingredient 








Medotopes cover an extensive range of 
diagnostic and therapeutic procedures, 
each reflecting the latest developments in 
radioactive medicine. All Medotopes con- 
vey, as well, the utmost in safety and con- 
venience, All feature unique packaging 
safeguards: exclusive lead shield en- 
closures for easy opening — no direct 
contact is required; bottle caps unscrew 
automatically; shipping cartons have 
“pull-tab” openers; vials and bottles are 
carefully encased and then doubly pro- 
tected by transparent, shatterproof plastic 
coatings. Each preparation is custom- 
handled. Delivery is custom-routed by 
Squibb Traffic Service. Access to three 
major airports expedites this service. 


Diagnostic Medotopes, in addition to 
those illustrated, are: Chromitope Chlor- 
ide ¢ Ferrutope * Phosphotope ¢ Rubra- 
tope 58 and 60 * Cobatope 58 and 60 
Tritiotope * Therapeutic Medotopes are: 
Aureotope * Chromphosphotope ¢ Iodo- 
tope ¢ Iriditope * Phosphotope. 


For full information, communicate with 
E. R. Squibb & Sons, Professional Service 
Department, 745 Fifth Avenue, New York 
22, New York. 





‘acpumorore®, ‘aureorore’®, “cnococrarin’®, ‘curomitore’®, 
‘cHrompHosPHotore’®, ‘cosatore 58 ano 60’®, ‘rerrutore’®, 
‘nipputore’, “iovotope’ ®, ‘inioirore’ ®, ‘mevorores’®, ‘oreotore ®, 
‘pHospHotope’®, ‘ropencatore’ ®, ‘nusratore’®, ‘rritioToPe’®, 


AND ‘trioceotore’ ® ARE SQUIBB TRADEMARKS, 
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LEA & FEBIGER BOOKS 


Grollman—Pharmacology and Therapeutics 


By Artuur GRoLLMAN, Ph.D., M.D., F.A.C.P., Lecturer in Phar- 
macology and Toxicology, the Medical Branch; Professor and 
Chairman of the Department of Experimental Medicine, The 


Southwestern Medical School, University of Texas, Dallas. New | 


5th edition. Ready January, 1962. 


NEW 1962 EDITION. This edition continues to be a valuable 
source of ready information on drugs currently in use. All recent 
advances are discussed, including the use of antihypertensive 
drugs, tranquilizers, theories of drug action, and the newer anti- 
biotics and hormones. 


Schalm—Veterinary Hematology 


By Oscar W. Scuautm, D.V.M., Ph.D., Professor of Clinical Pa- 
thology, University of California School of Veterinary Medicine, 
Agricultural Experimental Station, Davis. 386 pages. 24 illustra- 
tions and 10 plates. 58 tables. New. $9.50. 


NEW 1961 BOOK. Dr. Schalm presents fundamental concepts 
that are important in the understanding of a disease process; the 
evaluation of the impact the disease has made on or in the animal; 
and the establishment of a rational approach to treatment and 
the development of a valid prognosis. 


Smith and Jones—Veterinary Pathology 


By Hittron A. Suitu, D.V.M., M.S., Ph.D., Research Associate, 
Baylor University College of Medicine; Lecturer, (Pathology) 
University of Texas Medical Branch; and THomas C. Jongs, 
B.S., D.V.M., Director of Pathology, Angell Memorial Animal 
Hospital; Clinical Associate in Pathology, Harvard Medical 
School. 1068 pages, 7” x 10”. 763 illustrations on 338 figures and 
12 in color on 2 plates. New 2nd edition. $17.50. 


NEW 1961 EDITION. Complete, yet concise, this revised work 
is recognized as a general text for students, a basic reference for 
veterinary and medical pathologists, a dependable guide for every- 
one concerned with the diagnosis and control of animal diseases. 


Wintrobe—Clinical Hematology 


By Maxwe.i M. Wintrose, M.D., Ph.D., Professor and Head 
of the Department of Medicine and Director, Laboratory for the 
Study of Hereditary and Metabolic Disorders, University of 
Utah, College of Medicine, Salt Lake City. 1186 pages, 7” x 10”. 
265 illus. and 60 in color on 19 plates. Many tables. New 5th ed. 
$18.50. 


NEW 1961 EDITION. The entire field of hematology is covered 
fully in this widely accepted book. The new edition includes all 
recent advances. Reset in double column format. 


Levinson & MacFate—Clinical Lab. Diagnosis 


By SamueEt A. Levinson, M.D., Ph.D., Director of Laboratories, 
University of Illinois Research and Educational Hospitals, 
Chicago; and Ropert P. MacFate, Ch.E., M.S., Ph.D., Chief, 
Division of Laboratories, Board of Health, Chicago. 1274 pages. 
227 illus. and 11 plates, 9 in color. 150 tables. New 6th ed. $15.00. 


NEW 1961 EDITION. Completely up to date, this book presents 


basic anatomy, physiology and clinical symptoms, plus an abund- 
ance of materiai helpful in solving problems of pathologists. 


LEA & FEBIGER 


Please send me books circled above or listed in margin below. 
Bill me at 0 30, O 60, O 90 days 


Washington Square 
Philadelphia 6, Pa. 


© Check enclosed O Easy pay’t plan 


(We pay postage if remittance in full accompanies your order) 
NAME ___ 
ADDRESS __ 


crt... 
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News 


& Notes 


FORTY-SIXTH ANNUAL MEETING 
Atlantic City, New Jersey 
April 14-19, 1962 


The 46th Annual Meeting of the Federation will be held in At- 
lantic City, SATURDAY, APRIL 14, THROUGH THURS. 
DAY, APRIL 19, 1962. The days of the week on which scientific 
sessions will be held have been changed to avoid conflict with the 
Easter weekend when Atlantic City hotels are heavily booked 
Because of the volume of papers to be presented, sessions will start 
at g a.m., Saturday, April 14, and will continue for six days through 
Thursday afternoon, April 19. Sessions will be held on Sunday, 
April 15. 

Federation Headquarters, the Placement Service, exhibits, con- 
tinuous motion pictures, and many of the scientific sessions will be 
in Convention Hall. Council rooms and some of the scientific ses- 
sions of the Societies will be located in the following headquarters 
hotels: Ambassador (Physiology), Dennis (Pharmacology), Ritz- 
Carlton (Biochemistry), Shelburne (Nutrition), Traymore (Pathol- 
ogy and Immunology). As in past years, there will be intersociety 
sessions and intersociety symposia. 

The Federation Joint Session will be held in Convention Hall 
on Monday evening, April 16. Biochemistry mixers are scheduled 
for Saturday evening, April 14; Pharmacology, Pathology, and 
Nutrition dinners, and the Immunology mixer will be held on 
Tuesday evening, April 17. 

Motion pictures will be shown continuously, theater style, from 
g a.m. to 5 p.m., during several days of the Meeting. Continuous 
film showings, inaugurated last year, were so favorably received 
that they wil! again replace the former Monday evening motion 
picture session. 

Motion pictures may not be shown in the regular scientific ses- 
sions. 

A visible directory of registrants, an information desk, a message 
center for distribution of mail and personal messages, and ticket 
sales for special functions will all be located in the Lobby, Conven- 
tion Hall. 


REGISTRATION INFORMATION 


The registration area will be in the Lobby, Convention Hall. 
Hours are 12 noon to 11 p.m., Friday, April 13; 8 a.m. to 5 p.m., 
Saturday through Wednesday, April 14-18; and 8 a.m. to 3 p.m. 
on Thursday, April 19. 

The regular registration fee for the 1962 Meeting is $15.00. How- 
ever, students who register in advance will be allowed a reduced reg- 
istration fee of $10.00. (Students who register in Atlantic City 
must pay the regular fee of $15.00.) To obtain the reduced rate the 
student must return, with his advance registration card and remit- 
tance, a statement signed by the Head of his Department certify- 
ing that the applicant is presently enrolled as a student in one 
of the fields represented by the Federation. Certificates will be 
sent on request from the Federation Convention Office. 

As a time-saver in Atlantic City, advance registration is strongly 
urged for all members of the Federated Societies and non-member 
biologists, physicians and others who plan to attend the Meeting. 
Advance registration forms will be mailed on request from the 
Federation Convention Office. 


Continued on page 66a 



































Enjoy complete hotel comfort 

and convenience in Atlantic City 

at 
1in At- 
HURS- 
ientific ie e 
vith the SOU 
»00ked 
ill start . vce 
through Overlooking Ocean at Illinois Ave. 
unde ATLANTIC CITY 
ts, con- 
will be 
ific ses- 
“— 14 FLOORS OF SOLID COMFORT ¢ JUST 
Pathol- MINUTES from CONVENTION HALL 
rsociety 
on Hall 
reduled 
sy, and HERE'S EVERYTHING to make your visit pleasurable 
held on 
ss ¢ IDEAL LOCATION in the heart of the city’s 
en finest shops, theatres and amusements. 
eceived 
motion @ COMPLETE FACILITIES including 
, excellent Dining Room, Cocktail Lounge and Bar, 
ae spacious and comfortable Lobbies, 
— Colorful Sun Decks and Solarium. 
d ticket 
Yonven- @ 210 CHARMINGLY DECORATED ROOMS and suites, 

60% WITH OCEAN VIEW. 

@ COMPLETE HOTEL SERVICE, 
n Hall. Room Service, Valet, Newsstand. . . 
5 p-m., 
oe @ AND OF COURSE the friendliness and warm 
» How hospitality that are a Madison tradition. 
ced reg- 
tic City 
rate the 
‘vem CONVENTION RATES 
certify- 
in one ROOM WITH PRIVATE BATH. . One Person—$6 to $14 Daily 
will be Two Persons—$8 to $16 Daily 
strongly ¢ Request the Madison on TWO ROOMS, F 
— your Housing Bureau CONNECTING BATH...... Two Persons—$10 to $20 Daily 
os a Aasitestion Three Persons—$12 to $22 Daily 
PP Four Persons—$14 to $24 Daily 
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This unit is durable and compact requiring only 2’ x 3’ 


bench area... 


can hold tubing from 0-64 mm through 


spindle and up to 6” o.d. on the exclusive contour chucks. 
Complete, ready to operate. 


Price $675.00 


IDEAL FOR PHYSICAL, CHEMICAL, 
BIOLOGICAL AND ELECTRONIC LABORATORIES 





With NEW CONTOUR CHUCKS, 
two independently working 
sets of slim self-centered jaws 
permit, for the first time, 
chucking and centering of a 
variety of shapes and sizes. 


GL50 B FLASK HOLDER with 
asbestos covered Steel Fingers. 
Universal self-centering; per- 
mits mounting in head or tail- 
stock up to 6” o.d.; accepts 
blowhose and swivel. BURNER 
CARRIAGE holds lathe fire or 
one or two hand torches. 


ASK YOUR DEALER FOR DETAILS. 





C/ 


BETHLEHEM 





Apparatus Company, Inc. 


HELLERTOWN, PENNSYLVANIA 


Continued from page 64a 


To register in advance, mail the registration card with the ap- 
plicable fee (regular fee—$15.00, student fee—$10.00) to the 
Federation Convention Office, 9650 Wisconsin Avenue, Wash- 
ington 14, D. C. Advance registration will be accepted until March 
31. A validated receipt will be mailed to you. BRING THIS RE- 
CEIPT WITH YOU TO THE ANNUAL MEETING. Upon 
presentation of this receipt at the Advance Registration desk, you 
will receive your official badge which musi be worn for admission 
to scientific sessions, exhibits, and the Placement Service. 

Guest Registration, with a fee of $2.00, is available to non-scien- 
tist members of the families of registrants, including women who 
wish to join the Ladies’ Program. 

Scientists who register in Atlantic City on Thursday, April 19, 
the last day of scientific sessions, will be admitted at a reduced fee 
of $8.00. 


PROGRAM 


A new pocket-size Program will be mailed prior to the Meeting 
to each member of the Federated Societies and to each advance 
registrant. It will also be given to each non-member registering at 
Atlantic City. Additional copies of the Program and FEDERA- 
TION PROCEEDINGS, March 1962 (Abstracts), will be on sale 
in the registration area. 


TRANSPORTATION FACILITIES 


The Federation and the Atlantic City Convention Bureau will 
again join efforts to facilitate travel into and out of Atlantic City. 
During the Annual Meeting, shuttle buses will travel between the 
Philadelphia Airport and Atlantic City on a regular schedule. 
The Federation Convention Office will mail the bus schedule to all 
Federation members, and to others on request, early in February. 
To ensure good connections, refer to the bus schedule and make 


your reservations early. 


HOTEL RESERVATIONS 


A Housing Bureau will serve members and non-members attend- 
ing the Federation Meeting. The official form for hotel reservations 
must be used to obtain special Federation hotel rates in Atlantic 
City. These forms will be mailed on request from the Federation 
Convention Office. Please address hotel forms to: 1962 Federation 
Meeting, Housing Bureau, 16 Central Pier, Atlantic City, New 
Jersey. Confirmations will be forwarded directly from the hotels. 
The Atlantic City hotels have assured us that rooms will be deliv- 


ered at the price confirmed. 


DEADLINE FOR ABSTRACTS 


December 30, 1961, is the deadline for the receipt of abstracts 
by the Society Secretaries. Abstracts received on or after Decem 
ber 31, 1961, will not be accepted. 


EXHIBITS 


Industrial and institutional exhibits will be located on the Main 
Arena Floor, Convention Hall. They will be open from 8:45 a.m.- 
5 p.m., Saturday, April 14, through Wednesday, April 18; and 
from 8:45 a.m.—12 noon on Thursday, April 19. Member exhibits 
are no longer accepted for Federation Annual Meetings. 

For information and application forms for institutional exhibits, 
write to the Federation Convention Office. January 10, 1962, is the 
deadline date for receipt of completed application forms. 
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PLACEMENT SERVICE 


The PLACEMENT SERVICE will be located in the Lower 
Lobby of Convention Hall. To use this facility, both employers and 
candidates must have paid the registration fee for the Annual 
Meeting and also be registered with the Placement Service. 

An employer wishing to arrange for personal interviews with candi- 
dates must be either an annual subscriber to the Placement Service 
Lists or subscribe to the February 1962 List of Candidates. TO 
AVOID DELAY at the Employers’ Registration desk each em- 
ployer should make certain in advance that, if a subscription is not 
in his own name, he has received the proper authorization from the 
subscriber to use the personal interview facilities, i.e., if the subscription 
is entered from a Department, Library or Purchasing Office, a form 
authorizing not more than three named representatives to use the 
facilities must have been filed with the Placement Service Office 
before March 30. 

A list of available positions will be published in March, the final 
list before the Annual Meeting. Completed registration cards for 
positions to be included in the March List must be submitted to 
the Washington Office before February 26. Facilities will be pro- 
vided at the meeting for employers to list additional positions. 

Candidates who wish to be included in the February 1962 List 
of Candidates must file their applications before February 1. Ad- 
vance registration for candidates who wish to use the Placement 
Service but do not wish to be listed in the February bulletin will be 
accepted until March 3o. 

Employers and candidates may register at Atlantic City, but the 
procedure will be more time-consuming. 

All correspondence regarding this activity should be directed to: 


FEDERATION PLACEMENT SERVICE 
9650 Wisconsin Avenue 
_ Washington 14, D. C. 





SPECIAL FUNCTIONS 

The Federation Convention Office will assist with arrangements 
for meal functions and meetings of informal groups. For reservation 
forms and information, write to the Federation Convention Office. 
If time and location of these events are to be listed in the Program, 
all arrangements must be completed by February 2, 1962. 

Tickets to special functions will be on sale in the registration 
area, Lobby, Convention Hall. 


WOMEN’S HOSPITALITY LOUNGE 


A Women’s Hospitality Lounge will be located in the Founders 
Room of the Dennis Hotel. Upon payment of a registration fee of 
$2.00, wives and other non-scientist family members of registrants 
are invited to use the Lounge as a meeting place and social center 
from g a.m. to 5 p.m., Saturday, April 14, through Wednesday, 
April 18. Free coffee service, card tables and cards will be provided. 

A special program for ladies has been arranged for Tuesday, 
April 17. Buses will leave the Dennis Hotel for historic Smithville 
Inn where time will be allowed for browsing through the Colonial 
shops, followed by luncheon and a hat show. On the return trip a 
visit will be made to a nearby winery for a tour and free refresh- 
ments. Tickets for this excursion will be on sale in the Hospi- 
tality Lounge, and at the Ticket Sales desk in the Lobby, Con- 
vention Hall. 

Women may register in the Hospitality Lounge from 9 a.m. to 
5 p.m. on Saturday and Sunday, April 14 and 15. They miay also 
register at the Guest Registration desk in the Lobby, Convention 
Hall, during all regularly scheduled registration hours, starting at 
noon on Friday, April 13. 


Continued on page 78a 











FORMS AND ANNOUNCEMENTS 


Containing specific instructions and rules for participation in 
THE 1962 ANNUAL MEETING 


may be ordered from the Federation Convention Office by using the coupon below: 





To: Federation Convention Office 


9650 Wisconsin Avenue, Washington 14, D. C. 
Please send the following forms for the Federation Annual Meeting: 


Advance Registration Card (deadline Mar. 31) 
Student Advance Registration Certificate as ed Ae 
Reprint Order Form (deadline May 15) inka actos 


General Information Announcement Bae on ee 


| 
| Hotel Reservation Form 
| 
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Name 


Quantity 








Address 
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TESTS NOW AVAILABLE 
urea nitrogen 
glucose 
calcium 
inorg. phosphate 
chloride 
alk. phosphatase 
acid phosphatase 
CO, (bicarbonate) 
creatinine 
sodium 
potassium 
uric acid 
total protein 
albumin 
bilirubin 
cholesterol 


are coming 


* Descriptive Booklet end Abstrects cn AutoAnalyzer Methodology sent upon request ...drop us a post-card. 
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with the AutoAnalyzer 


Run your eye down the list at left. It may 
come as a surprise to learn that AutoAnalyzer has 
moved so far so fast in freeing the laboratory staff 
from the drudgery and time-loss of routine 
analyses. 


With AutoAnalyzer in your lab tu:< workload 
seems to melt. Same-day reports (unimpeachably 
accurate) become routine. Savings in time, labor, 
materials (no glassware to clean or break) 
approach the unbelievable . . . in a typical 200-bed 
hospital such savings alone can amortize the 
AutoAnalyzer initial investment in several years. 


Ask us to show you complete 
data and detailed methodology* 


Can you afford to wait? 


TECHNICON® 


tated Neuadd yzer 


TECHNICON INSTRUMENTS CORPORATION 
Chauncey - New York 
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Joint Session of the Federation 
APPROACHES TO STUDY OF DISEASE!’ 





New approaches in the study of cardiovascular 


disease: aldosterone, renin, hypertension 


and juxtaglomerular cells’ 


W. STANLEY HARTROFT AND PHYLLIS M. HARTROFT® 
Department of Pathology, Washington University Medical School, St. Louis, Missouri 


Bs A RECENTLY PUBLISHED EDITORIAL in the British 
Medical Journal (38), entitled, ‘‘Regulation of Aldosterone 
Secretion’’, it was stated: ““The juxtaglomerular appa- 
ratus, which increases in size during a recognized stimu- 
lus to aldosterone secretion, ... is an obvious candidate 
for the honour” (of regulating its secretion). Since the 
initial discovery of juxtaglomerular cells (in the kidneys 
of mice (39)), considerable evidence for this candidacy 
has accumulated, especially during the past decade. The 
purpose here is to present the available evidence sup- 
porting the concept that renin is secreted by juxta- 
glomerular cells, and that it acts as a trophic hormone on 
zona glomerulosa of the adrenal cortex thereby regu- 
lating the production and liberation of aldosterone. 

We have chosen this subject for not only its own in- 
terest, but also because it exemplifies the approach of 
the experimental pathologist, utilizing abnormal mate- 
rial from both animals and man. The evidence to be 
cited will demonstrate how advances in the laboratory 
using animals, have driven us to the autopsy table for 
their confirmation and extension in human material; and 
they, in turn, have indicated further animal experi- 
ments. This type of approach seems to us the unique 
essence of experimental pathology, distinguishing it 
from experimental biology in general. 


HISTOLOGY, HISTOCHEMISTRY AND ULTRASTRUCTURE 


Although first described more than a third of a cen- 
tury ago, the morphologic relations of juxtaglomerular 
cells are not widely appreciated. They occupy the wall of 
the afferent glomerular arteriole, replacing the smooth 

1 April 11, 1961, Atlantic City, N. J. 

*This work has been generously supported for over a decade 
by the Nutrition Foundation, to which we express our thanks; 
together with the Public Health Service (Grant No. A-1114). 

* Present address: The Research Institute, Hospital for Sick 
Children, 555 University Avenue, Toronto 2, Ontario, Canada. 
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muscle cells of the media at this point (Fig. 1). Of par- 
ticular interest is their relationship to the macula densa 
of the distal portion of the tubule. It is this portion of 
the nephron that returns to that glomerulus from which 
it arises to occupy a position at the glomerular pole. 
Macula densa and juxtaglomerular cells of the same 
nephron are therefore directly in contact at this site. 
As emphasized by McManus (32), the basement mem- 
branes here between arteriole and tubule become ex- 
tremely attenuated and even absent. Under certain 
abnormal conditions, increases in size and number of 
juxtaglomerular cells are most prominent in the portion 
of the arteriolar wall closest to the macula densa, par- 
ticularly in dog and man (28). 

The granules which occupy cytoplasm of juxta- 
glomerular cells vary greatly under normal conditions 
from species to species. They are exceptionally promi- 
nent and numerous in the mouse, the species in which 
the cells were first discovered. In man, although present, 
they are few and inconspicuous, forming incomplete, 
poorly visualized perinuclear haloes. They can be 
stained in a variety of ways, appearing slate gray-blue by 
the trichrome techniques which had been used originally 
to demonstrate them. This stain differentiates them 
poorly from the surrounding rodlets of the tubule- 
cytoplasm. A modification of an islet cell stain (Bowie) 
colors the granules selectively, such an intense purple 
that they stand out even under low magnifications of 
the light microscope (Fig. 2). It is possible, using this 
stain, to count rapidly groups of juxtaglomerular cells in 
relation to the number of glomeruli present in the same 
sections. By weighting these counts according to the 
intensity of granulation, an Index of Juxtaglomerular 
Granulation (JGI) can be formulated‘ which gives 





sjqr = No-of weighted JG-groups , 145 Weighting is done 
No. of glomeruli 
by multiplying by 1, 2 or 4 according to degree of granulation. 
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reproducible results with a reasonably small standard 
error (25) even when carried out by different observers. 
The more intense the granulation and the greater the 
numbers of juxtaglomerular cells, the higher this JGI 
(and presumably the greater the manufacture and 
liberation of their secretory product). 

Histochemical studies have revealed that the granules 
stain intensely by McManus’ periodic acid Schiff 
technique (33) and may be composed of a ketosteroid 
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SMOOTH MUSCLE CELLS 


FIG. 1. Drawing of a glomerulus showing position of juxtaglo- 
merular cells in the wall of the afferent arteriole. (From Ham, A. 
W.., Histology, 2nd ed., Philadelphia: Lippincott, 1953, p. 602.) 





FIG. 2. Juxtaglomerular cells of a rat in a section stained by the 
Bowie technique, granules (black in the photo) contrast sharply 
with the background. Glomerulus lies to the upper right; macula 
densa to the lower right (X1500). (From Ham, A. W., Histology, 
and ed., Philadelphia: Lippincott, 1953, p. 604.) 
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FIG. 3. Osmophilic granules in a juxtaglomerular cell can be 
seen (upper middle right) in this low power electron micrograph of 
an afferent arteriole in the kidney of a rat. A portion of a macula 
densa cell is seen in contact with a juxtaglomerular cell at the 
upper right (5000). (From Hartroft, P. M. and L. N. Newmark, 
Anat. Record 139: 185, 1961.) 





ric. 4. A group of four granules can be seen at the middle right 
of this electron micrograph of juxtaglomerular cells in the kidney 
of a sodium-deficient dog. Note “granules within granules” 
(X20,000). (From Hartroft, P. M. and L. N. Newmark, Anat. 
Record, 139: 185, 1961.) 


protein complex (21). They are osmophilic, permitting 
their identification as dense bodies in electron micro- 
graphs (Fig. 3 and 4). Electron microscopy demon- 
strates that the morphology of the granules is charac- 
teristic of true, specific secretory bodies analagous to 
those in other endocrine organs such as beta cells of the 
Islets of Langerhans or others in the anterior pituitary 
(27). The granules are larger, however, than those of 
either the islets or the pituitary and are almost equal 
in size to zymogen granules of pancreatic acinar cells. 
High magnifications achieved with the electron micro- 
scope suggest an internal structure within some of the 
larger juxtaglomerular cell-granules (Fig. 4). These 
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observations definitively contradict the assumption 
made by some that the granules are merely degenerative 
hyaline-like bodies. Their true secretory nature is 
established by electron micrographs. 


JUXTAGLOMERULAR CELLS AND SODIUM 


Goormaghtigh in Belgium studied juxtaglomerular 
cells in human autopsy material and observed increases 
in their granulation and size in hypoxic renal necrosis 
(15) and malignant hypertension and other conditions 
(14). But it was not until 1949 that Dunihue (10) re- 
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INDICES OF GRANULATION OF JUXTAGLOMERULAR CELLS 


FIG. 5. Changes in granulation of juxtaglomerular cells in young 
adult rats fed varying amounts of sodium for 2—4 weeks are shown 
graphically. Each bar represents g-10 rats. Rats in groups Ic and 
IIIc were transferred to high and low sodium intakes, respectively, 
for the last few days of the experiment. (From Hartroft, P. M. and 
W.S. Hartroft, J. Exptl. Med. 97: 415, 1953.) 
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Fic. 6. Increase in granulation of juxtaglomerular cells of cats 

over a period of 12 weeks is shown. Each point represents a differ- 

ence from a littermate control cat. The upper regression curve 

tepresents sodium-deficient cats (open circles) and the lower curve 

represents adrenalectomized cats (solid circles) maintained with 
cortisone on a normal sodium intake. 
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ported the first consistent alterations in these cells to be 
produced at will in animals. He found that in bilater- 
ally adrenalectomized cats, the renal juxtaglomerular 
cells enlarged, increased in number and became ab- 
normally hypergranulated. He attributed this change to 
the fall in blood pressure induced by adrenalectomy. 
But the thought occurred to us that this change might 
be associated just as well with sodium loss in the urine 
of the animals. To test this hypothesis, groups of intact 
rats were fed various levels of dietary sodium (low, 
adequate, and excess) with and without administration 
of desoxycorticosterone acetate (DCA) (24). 

The results, summarized in Fig. 5, supported the 
idea that loss of sodium affects juxtaglomerular granula- 
tion in the absence of any significant alteration in the 
level of blood pressure. Rats fed a low sodium diet 
exhibited very significant increases in numbers and 
granulation of their juxtaglomerular cells (high JGI) 
and exogenous DCA failed to prevent this change. DCA, 
however, did lower JGI significantly, although not 
strikingly, in rats fed a normal amount of dietary sodium; 
and, when given rats fed excess sodium, which by itself 
lowered JGI, DCA almost abolished granulation (JGI 
almost zero). This experiment was the first of many to 
indicate the close relation of sodium metabolism and 
excretion to juxtaglomerular cells. These studies were 
later repeated in cats and effects of dietary sodium 
restriction in this species on juxtaglomerular cells com- 
pared directly with effects of adrenalectomy as pre- 
viously reported by Dunihue. The results (Fig. 6) 
indicate a highly statistically significant increase in 
JGI corresponding to either duration of dietary sodium 
deficiency or length of postoperative interval after 
adrenalectomy (35). An inverse correlation (Fig. 7) 
exists in both groups of experimental animals between 
JGI and levels of serum sodium. 

An example of the striking increase in size, number 
and granulation of juxtaglomerular cells of a sodium- 
deficient cat is shown in Fig. 8. Increase of JGI induced 
































1 FIG. 7 
1604 Nd-def. © ° 
4 ddrenx. @ 
1204 
80 4 
4 (9) 
as ° r 2-0.90 
a € (time constant) = -0.78 
0 Na meq/I (difference from controls) 





T 7 


+5 0 #§ -10 “15 “20 - <3 

FIG. 7. Correlation between granulation of juxtaglomerular cells 
(JGI) and serum sodium in sodium-deficient (open circles) and 
adrenalectomized (solid circles) cats is statistically significant. 
Same animals are represented in Fig. 6. The correlation coefficient 
with or without time held constant is highly significant. With 


a decrease in plasma sodium, there is an increase in JGI. 
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Fic. 8. Juxtaglomerular cells in cats. On the left is a typical field 
from a control cat, showing dark juxtaglomerular cell granules. On 
the right is a representative field from a sodium-deficient cat show- 
ing hypergranulation and hyperplasia of juxtaglomerular cells. In 
both, the glomerulus is just out of the field above. Bowie stain 
(X 1000). 
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Fic. g. A high correlation exists between width of the zona 
glomerulosa of adrenal cortex and degree of granulation of juxta- 
glomerular cells (JGI) in rats fed varying amounts of sodium. 
(From Hartroft, P. M. and W. S. Hartroft, J. Exptl. Med. 102: 205, 


1955-) 


by lowering serum sodium by dietary or other means 
has also been demonstrated in dogs, rabbits and man, 
as shown below. Even when sodium deficiency has not 


advanced to the stage of actual lowering of levels of 


sodium in serum, increases in juxtaglomerular granula- 
tion can be demonstrated. This observation suggests 
that juxtaglomerular cells are actively involved in 
homeostatic regulation of sodium under abnormal 
conditions. 


JUXTAGLOMERULAR CELLS AND ZONA 
GLOMERULOSA OF ADRENAL CORTEX 


In the studies described above, it soon became ap- 
parent that a certain degree of variation in the response 
of juxtaglomerular cells to dietary sodium deficiency 
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FIG. 10. Frozen sections stained with Oil Red O of zona glomeru- 
losa of adrenal cortex from rats are illustrated. A control is shown 
at the center (capsule above, limit of the zone at bottom, lipid gray), 
On the right is a rat fed excess sodium showing atrophy and lipid 
depletion of zona glomerulosa. On the left, hypertrophy and lipid 
depletion in zona glomerulosa of a sodium-deficient rat. Only a 
portion of the zone could be included at this magnification 
(X1000). (From Hartroft, P M. and W.S. Hartroft, J. Exptl. Med. 
102: 205, 1955.) 


existed from animal to animal. This observation 
prompted a search for other changes, in addition to 
hypergranulation of juxtaglomerular cells, that might 
correlate in some manner. 

Attention was soon directed to the zona glomerulosa 
of the adrenal cortex because of previously established 
evidence linking this zone with sodium metabolism (8). 
A standard method was developed for measuring the 
width of the zone in fat-stained frozen sections of uniform 
thickness (54) of adrenals cut in equatorial planes. When 
logarithmic values of these measurements were plotted 
against JGI’s of normal and sodium-deficient rats, a 
straight-line correlation of high significance was estab- 
lished (26) (Fig. 9). Examples of the histologic appear- 
ance of zonae glomerulosae from rats fed various levels 
of dietary sodium are illustrated in Fig. 10. It was 
apparent at this point, that a three-way correlation 
existed between levels of serum sodium, intensity of 
granulation of juxtaglomerular cells and width of zona 
glomerulosa. Further studies in collaboration with Dr. A. 
Eisenstein then established that width of zona glomer- 
ulosa in similar animals correlated with amounts of 
aldosterone produced by such adrenals incubated in 
vitro (12, 23). It now seemed important to attempt to 
obtain relevant data from human material. 
JUXTAGLOMERULAR CELLS, ZONA GLOMERULOSA 
AND SERUM SODIUM IN MAN 


These studies, carried out with Dr. James Pitcock, 
utilized human autopsy material obtained from patients 
of Barnes Hospital. JGI’s were estimated for patients 
from whom at least three determinations of their levels 
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of serum sodium were available during the last week 
prior to death. When the average of these three readings 
was plotted against logarithmetic values of the corre- 
sponding JGI’s, a straight line correlation (inverse) with 
a coefficient of 0.61 (P < 0.01) (Fig. 11) was obtained 
(36). In these same patients width of zona glomerulosa 
of the adrenal was measured by a standard method and 
also plotted against logarithms of the same patient’s 
JGI. Again a straight line correlation (this time, direct 
of course) was obtained with a coefficient of 0.49 
(P < 0.05). Examples of hyperplasia of adrenal cortex 
(Fig. 12) and hypergranulation of juxtaglomerular cells 
in man (Fig. 13) are illustrated, the last from a case of 
Addison’s disease, as first noted. in this condition by 
McManus (34). It was not possible in the case of this 
human material, as it had been for the rats, to establish 
a correlation between width of zona glomerulosa and 
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FIG. 11. Correlation of plasma sodium and degree of granulation 
of juxtaglomerular cells in man is highly significant. (From Pit- 
cock, J. A. and P. M. Hartroft, Am. J. Pathol. 34: 863, 1958.) 





FiG. 12. Nodular hyperplasia of zona glomerulosa of adrenal 
cortex from a patient with hyponatremia. Reticulin stain (150). 
(From Pitcock, J. A. and P. M. Hartroft, Am. J. Pathol. 34: 863, 
1958. ) 
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FIG. 13. This afferent arteriole has been cut in cross section in a 
kidney from a case of Addison’s disease and shows hyperplasia of 
juxtaglomerular cells. These cells in man are normally sparsely 
granulated in contrast to the increase in size and numbers of 
granules seen here. Bowie stain (X 1000). 


amount of aldosterone production by their adrenals 
incubated in vitro. 


JUXTAGLOMERULAR CELLS AND EITHER TRANSIENT 
OR SUSTAINED HYPERTENSION 


Previously established relations between kidneys, 
adrenals, DCA or aldosterone, arid hypertension in- 
dicated the need for studies of juxtaglomerular cells in 
hypertensive states. Goormaghtigh (loc. cit.), Dunihue 
(g) and others suggested that juxtaglomerular cells 
might play a role in regulation of blood pressure. Initial 
studies were carried out by producing temporary changes 
in blood pressure (over periods of several weeks) by 
extrarenal pharmacologic means (repeated injections of 
a vasodepressor (Apresoline) or a _ vasoconstrictor 
(Privine) in rats). In these animals lowering of blood 
pressure increased the JGI; elevation, a fall (Fig. 14) 
(26). The extrarenal etiology of the changes in blood 
pressure was deemed an important feature in these 
preliminary experiments in order to establish that 
changes in levels of blood pressure could alter the 
appearance of juxtaglomerular cells in the absence of 
direct renal manipulation. Having obtained positive 
results, juxtaglomerular cells in experimental renal 
hypertension were then studied. 

Sustained elevations of blood pressure were produced 
in rats by partial constriction of one renal artery. The 
animals comprised three groups; sham-operated con- 
trols, those with renal artery constriction that developed 
moderate degrees of hypertension, and those with 
constricted arteries that developed severe hypertension 
(Fig. 15) (22). The more severe the hypertension, the 
lower the JGI of the “unprotected” or unclamped 
kidney, whereas the JGI of the ischemic kidney did not 
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FIG. 14. Effects of temporary changes in blood pressure on 
juxtaglomerular cells. Level of blood pressure and degree of 
granulation of juxtaglomerular cells (JGI) in rats injected with 
vasoactive substances for 3 weeks. The lower the blood pressure, 
the higher the JGI. 

FIG. 15. Effect of unilateral partial constriction of the renal 
artery on juxtaglomerular cells. Experimental hypertension in 
rats. In rats with severe degree of hypertension (2), degree of 
granulation of juxtaglomerular cells in the contralateral “un- 
touched” kidney was almost zero. 

Fic. 16. Inverse correlation of the level of blood pressure and of 
degree of granulation of juxtaglomerular cells in the contralateral 


alter in a significant fashion, although a tendency for an 
increase in granulation was noted in some instances. 

When the degree of granulation in the juxtaglomerular 
cells of the contralateral kidney was plotted against the 
level of blood pressure (Fig. 16), the inverse relationship 
was clearly apparent. The cytoplasm of degranulated 
cells of the contralateral (unclamped) kidney was notably 
pale and clear. A similar observation has since been 
reported in the juxtaglomerular cells of nonischemic 
kidneys in cases of unilateral renal hypertension in man 
(41). We have suggested that a convenient term for 
this condition might be “clear cell hypertension.” 


JUXTAGLOMERULAR CELLS AND RENIN 


The evidence up to this point rather strongly pointed 
to the possibility that the product of juxtaglomerular 
cells (represented in stored intracellular form by their 
secretory granules) might act as a trophic hormone on the 
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“untouched” kidney of rats with the opposite renal artery par- 
tially constricted (r = —o.7). (From Hartroft, P. M., J. Exptl. Med. 
105: 501, 1957) 

FIG. 17. Degree of granulation of juxtaglomerular cells and 
pressor activity (renin) of the same kidneys from sodium-deficient 
(open bars) and control (solid bars) adult rats. On the left it is 
seen that both parameters were increased in sodium-deficient 
animals. On the right, JGI plotted against pressor activity yielded 
a highly significant correlation coefficient (0.08). (Modified from 
Pitcock, J. A., P. M. Hartroft, and L. N. Newmark, Proc. Sos, 
Exptl. Biol. Med. 100: 868, 1959.) 


TABLE 1. Indirect Comparisons of Juxtaglomerular 
Cell Granulation and Renin 


JG Cel! 
Granules Renin 
DCA and excess salt J (24) | (18, 19) 
Contralateral kidney in unilateral 
renal ischemia { (22) 1 (17) 
Adrenalectomy T (10) T (3, 20) 
Renal ischemia T (16) T (13) 


Figures in brackets refer to references. 


zona glomerulosa of the adrenal cortex to stimulate 
production and liberation of aldosterone in states of 
sodium depletion. The evidence in the available litera- 
ture suggested that this substance derived from juxtaglo- 
merular cells might be renin, because (Table 1) changes 
in amounts of extractable renin in the kidney under 4 
variety of conditions paralleled changes in the same 
direction in the JGI under similar conditions as reported 
above. This evidence however was of highly indirect 
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nature, the data having been obtained in different 
laboratories and from completely different animals. 
Based on this line of evidence, experiments were there- 
fore designed to test the hypothesis concerning the 
source of renin and its action on the adrenal as directly 
as possible. 

Bio-assays were carried out to measure pressor activi- 
ties (renin) of extracts of kidneys of sodium-deficient 
rats (37), in hypertensive rats (40) and in rats fed excess 
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ric. 18. Graph showing changes in rats injected daily with 
renal extracts from dogs with hypergranulated juxtaglomerular 
cells and excess renin content. The O line represents control rats 
injected with the same dilution of renal extracts from kidneys of 
control dogs with sparsely granulated juxtaglomerular cells. 
Changes occur during the first 10 days after which rats develop 
antibodies to the injected extracts (determined by bioassay). 
ZG: zona glomerulosa; JGI: degree of granulation of juxtaglo- 
merular cells, 





FIG. 1g. Frozen sections of adrenal cortex stained with Oil Red 
O from rats injected with renal extracts for 1 week. On the right, 
a control rat injected with renal extract from a control dog. Zona 
glomerulosa is normal. On the left, a rat injected with renal ex- 
tact from sodium-deficient dogs with hypergranulated juxta- 
glomerular cells. Zona glomerulosa is hypertrophied and partially 
depleted of lipid (X 100). 
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FIG. 20, Juxtaglomerular cells of dogs stained by the Bowie 
technique. On the left, a control dog with only a few granules in 
juxtaglomerular cells — normal for this species. On the right, 
hyperplasia and hypergranulation of juxtaglomerular cells in a 
dog with secondary hyperaldosteronism produced by constriction 
of the thoracic vena cava (1200). (Experiment in collaboration 
with James O. Davis and co-workers, National Heart Institute 


(2)). 


sodium (29). JGI’s were estimated for the same kidneys. 
The results are contrasted on the left in Fig. 17 for 
sodium-deficient and control rats, and on the right the 
correlation between pressor activity and JGI in each 
case is plotted. 

Another approach to the problem consisted of injecting 
normal rats with renal extracts prepared from sodium 
deficient dogs (high JGI; high pressor activity of extract) 
and contrasting these animals with others treated with 
similar extracts prepared from the kidneys of normal 
dogs (relatively low JGI; relatively low pressor activity 
of extract). The width of zona glomerulosa in the rats 
receiving renal extracts prepared from the sodium- 
deficient dogs was almost twice that in rats receiving 
renal extracts from the normals. Mitotic activity was 
similarly increased. The JGI of rats receiving the pressor- 
rich extracts was significantly lower than that for con- 
trols receiving extracts of kidneys of normal dogs (Fig. 
18) (30). If renin is the produce of juxtaglomerular 
cells, we would expect that extracts rich in exogenous 
renin would diminish granulation representing endo- 
genous renin, as observed. If renin is capable of stimulat- 
ing zona glomerulosa (and aldosterone production), 
exogenously administered renin (in the pressor-rich 
extracts of the sodium-deficient dogs’ kidneys) should 
widen the zona glomerulosa of the recipient rats as 
occurred. The evidence that widening of zona glomer- 
ulosa in rats is associated with increases in aldosterone 
production in vitro had already been obtained (loc. cit.). 
Examples of widening of the zona glomerulosa produced 
by renin-rich extracts administered to weanling rats 
are shown in Fig. 19. 

Davis et al. (7) had established by direct measurements 
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that levels of aldosterone are increased above normal in 
blood obtained from adrenal veins of dogs in which 
ascites followed narrowing of the thoracic portion of the 
inferior vena cava. These animals represent an experi- 
mental form of secondary aldosteronism comparable 
to that encountered in man. Dr. Davis was kind enough 
to provide us with kidneys obtained from a series of 
such animals, along with others from their controls. 
The degree of granulation of their juxtaglomerular cells 
(JGI) was significantly higher in the dogs with secondary 
aldosteronism than in their controls (Fig. 20) (2). 
Recourse was then had to human autopsy material, in 
which JGI and width of zona glomerulosa were measured 
in patients suffering secondary aldosteronism associated 
with cardiac failure or cirrhosis with ascites. In these 
patients, compared with suitably selected controls of 
comparable age, sex and race, the average JGI and 
width of zona glomerulosa were significantly greater 
(unpublished data). The autopsy data, therefore, appear 
to support the results of the animal experiments, indicat- 
ing hyperactivity of juxtaglomerular cells in secondary 
aldosteronism. 

The essential role of the kidney in regulation of 
aldosterone secretion has recently been demonstrated by 
Davis et al. (1, 6), who carried out a series of experi- 
ments involving hypophysectomized bilaterally neph- 
rectomized dogs. Furthermore, their work, as well as 
those of others, (4) indicates that renin (or angiotensin) 
may be the specific aldosterone-stimulating hormone. 


FLUORESCENT ANTIBODY TECHNIQUE APPLIED 
TO JUXTAGLOMERULAR CELLS 


When pure antigen is available, the fluorescent anti- 
body technique of Coons and Kaplan (5) is capable of 
providing rather direct evidence to indicate sites of 
hormone production, as has been established for insulin, 





FIG. 21. Bowie stain of juxtaglomerular cells of a sodium-de- 
ficient rabbit (314 weeks) for comparison with Fig. 22. 
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FIG. 22. Frozen-dried section of kidney from same rabbit as in 
Fig. 21. Section was stained with fluorescein-labeled antirenin. 
Note specific staining of granules in juxtaglomerular cells (lower 
right). Tubule at upper right shows autoflucrescence (blue-white 
in contrast to yellow-green of juxtaglomerular cells). (From Fdel- 
man, R. and P. M. Hartroft, Circulation Research accepted for 
publication, 1961.) 





FIG. 23. Tangential section of afferent arteriole from a weanling 
rabbit fed a sodium-deficient diet for 8 weeks. Note extreme hyper- 
granulation and hyperplasia of juxtaglomerular cells. For com- 
parison with Fig. 24. Bowie stain. 


for example (31). Even the most highly purified prepara- 
tions of renin as obtained by Goldblatt are, however, 
far from free of impurities. Although pure preparations 
of renin are unavailable at the present time, «nd although 
fully aware of the possibility that the impurities might 
introduce misleading results, the fluorescent antibody 
technique was undertaken to determine if antirenin la 
beled with fluorescein isocyanate, would localize in jux 
taglomerular cells (11). 

Dogs were treated with repeated injections of Freund’s 
adjuvants and partially purified preparations of renin 
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FIG. 24. Frozen-dried section of kidney from same animal as in 
Fig. 23, stained with fluorescein-labeled antirenin. Note bright 
specific flucrescence of individual juxtaglomerular cell granules. 


kindly supplied by Dr. Harry Goldblatt and Dr. E. 


Haas, and blood collected when the animals’ titers of 


antirenin, as measured by bio-assay, were at their height. 
Serum was adsorbed with liver powder and the anti- 
bodies conjugated with fluorescent dye. Frozen-dried 
sections of kidney from normal and sodium-deficient 
rabbits were incubated at room temperature for 15-30 
min with the labeled antibody, rinsed in two changes of 
buffered saline, mounted in glycerin and examined 
under the ultraviolet microscope. Adjacent sections 
were cut and stained by the modification of Bowie’s 
method (36) for comparison. 

Two examples of comparable fields containing juxta- 
glomerular cells in sections stained by the fluorescent 
antibody technique and by the modified Bowie method 
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are illustrated in the last four figures (Fig. 21 to 24). 
Specific fluorescence (representing the antibody-an igen 
linkage) of not merely juxtaglomerular cells, but of 
their individual granules resulted. The reaction could be 
blocked by incubating the labeled antibody solutions 
with extracts rich in renin prior to treatment of the 
sections and could be significantly diminished by first 
incubating the sections with unlabeled antibody. Al- 
though this evidence for the juxtaglomerular origin of 
renin is admittedly presumptive, because of the impure 
nature of the renin used for antibody production, when 
taken together with the data presented in the foregoing 
section, the hypothesis seems to stand on relatively firm 
ground. 


CONCLUSIONS 


The evidence summarized in this paper, we believe, 
strongly indicates that production of aldosterone by 
zona glomerulosa of the adrenal cortex is regulated by 
renin acting as a trophic hormone on the adrenal. 
Indirect evidence, derived not only from the available 
literature, but, also, from data obtained from the experi- 
ments described here, indicates that the most likely 
source of renin is the juxtaglomerular cell. The anatomic 
position of these cells places them in an exceptionally 
advantageous position for regulation of aldosterone 
production (blood pressure and sodium retention) 
because of their interposition between the macula densa 
of the distal tubule and the lumen of the afferent arteriole 
carrying blood to the glomerulus. But the mechanism 
by which these cells take advantage of this unique 
situation for aldosterone regulation remains to be 
elucidated. It constitutes yet another challenge to experi- 
mental pathologists in their approach to the study of 
related diseases, including hypertension. 
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Histochemistry and electron microscopy in 


the study of disease of the kidney 


J. F. A. McMANUS 
Department of Pathology, University of Alabama Medical Center, Birmingham, Alabama 


a MATERIAL WHICH I AM GOING TO REVIEW with you 
is largely obtained from cases of human disease, in 
which we are studying the ‘experiments of nature.” 
We lay claim to the “experimental” part of our Federa- 
tion’s title and we claim to be biologists, inasmuch as 
we are pathologists. A pathologist by definition is a 
student of disease. When we examine the meaning of the 
word ‘‘disease,’’ we find that it can best be taken to 
include everything that decreases life in its powers, 
duration, or enjoyment. There can be no disease without 
life; and the pathologist, as a student of disease, shares 
the fundamental interest in living things that charac- 
terizes all biologists. 

The methods and aims of the pathologist are those of 
the biologist. In studying the disease conditions which 
I am going to review with you, my colleagues and | 
have used the clinical histories, which you might call 
the study of the ecology, as well as the methods of 
anatomy, biochemistry and, where possible, those of 
physiology in the tests performed on the clinical patients. 

As the title of this presentation suggests, we are going 
to speak only of histochemistry and electron microscopy. 
Even in those fields, the amount of data that have been 
collected is so very great that I am forced to limit my 
discussion to areas in which my colleagues and I at the 
University of Alabama Medical Center, and for three 
years at the University of Virginia, have been par- 
ticularly engaged. These studies have been generously 
supported by the National Institutes of Health and the 
Department of Health, Education and Welfare. 

I will review with you instances in which the marks of 
disease can be recognized only by histochemistry, and 
instances in which histochemistry does not show changes, 
while electron microscopy does. Further, I will review 
with you something of the natural history of two disease 
conditions in the kidney. Finally, we will study this 
material and attempt to define something of the limits 
and capacity of the techniques described. 

I show you first, for purposes of orientation, the 
appearance of a normal human renal glomerulus stained 
by the periodic acid schiff or PAS stain. Observe the 
basement membrane coloring magenta, or purple, 
smoothly covering the capillary loops, except where 
several loops lie together. I do not propose to raise the 


problem of glomerular structure, but will pass directly 
to the study of the next slide, which is one from a case 
of Toxemia and pregnancy. The smooth capillary base- 
ment membrane of the normal glomerulus is replaced by 
one which is vacuolated and duplicated, and this vac- 
uolation is most conspicuous where the capillaries come 
together, the site of the interluminal cell aggregates (1). 

This change was very largely overlooked before the 
introduction of the PAS histochemical method. The 
PAS stain allowed the identification of the specific renal 
glomerular change of toxemia of pregnancy. Identifica- 
tion and diagnosis of a lesion is a taxonomic problem, 
akin to the precise placing of the animal, say a beetle, 
or a plant or leaf, in its proper biological category. 

The next slide is that of tubulo-venous thrombosis 
(3). The tubule containing a cast has eroded into an 
adjacent vein and thrombosis has been laid down at the 
site. This lesion is typical and diagnostic of renal failure 
following severe crushing injuries of the limbs and body 
or following shock episodes in general. Found three 
days following the precipitating injury or accident, it 
allows us to say that it is probably a case of so-called 
“crush kidney,” but it does not allow us to explain the 
uremia which is due to the renal failure. Following the 
lead of King, who long ago showed that renal failure 
from a variety of causes was associated with decreased 
alkaline phosphatase; Dr. Robert Mowry and I were 
able to show histochemically that cases of renal failure 
of crush type, and other varieties as well, revealed a 
decrease or absence of alkaline phosphatase in the 
provincial convoluted tubules where the enzyme is 
naturally abundant (7). 

The next slide (3) (frontispiece) shows the normal 
plentiful concentration of alkaline phosphatase in a 
section of the kidney, while that at your left shows the 
decrease and absence of the enzyme. The other section 
shows the similar loss of the enzyme in a case of malignant 
hypertension. In these two slides we have separated 
two types of the information which can be gained. The 
first slide allows the identification of the disease process, 
but does not allow us to say the cells are not functioning 
normally. The alkaline phosphatase preparation of the 
“crusi:”’ lesion permits us to say that one usual activity 
is missing in that disease process. While we do not know 








856 FEDERATION PROCEEDINGS 


J 


what the alkaline phosphatase or phosphomonoesterase 
is doing or does, naturally we can say that it is normally 
present but absent or decreased in this and in very many 
other types of renal failure, or perhaps, all types. 

The next slide is from a needle biopsy of the kidney 
from a human case of glomerulonephritis. It is stained by 
the PAS method and does not show any obvious ab- 
normality. Because of the size of the sample obtained, I 
did not do the alkaline phosphatase preparation but a 
small portion of the cortex was fixed in osmium tetroxide 
solution and prepared for and studied by electron 
microscopy by my associate, Dr. Marshall Hartley. 
First I show you a normal portion of a glomerulus by 
electron microscopic methods. Please notice that each 
capillary wall contains, from within outwards, the 
reticulated endothelial cell, the lamina densa, and the 
covering podocyte cell. These three layers are to be 
examined in the next slide, the renal biopsy from mem- 
branous glomerulonophitis. The podocytes have lost 
many of the foot process, all are fused together in some 
area, and the lamina densa shows foci of thickening 
producing irregularity. 

This is an example of a lesion which could be identi- 
fied only by electron microscopy, the usual methods of 
light microscopy, including histochemistry, showing no 
obvious abnormality. At higher magnification the 
changes especially in the podocytes are more conspicu- 
ous, thanks to the superior resolution of the electron 
microscope. Let me add that instances in which electron 
microscopy shows lesions not recognisable by the light 
microscope are not very numerous in the case of kidney 
diseases. 

The next few slides show the changes produced in the 
renal glomerulus by decrease in arterial blood supply, 
the condition which the pathologist calls ischemic. We 
call the condition ischemic obsolescence, meaning by 
this that the part is going out of action due to decreased 
blood supply. The changes to be discussed have recently 
been described by Dr. C. H. Lupton and me (4). 

The first slide shows two glomeruli colored with the 
PAS stain. The smaller is quite abnormal, showing the 
wrinkling and thickening of the capillary basement 
membrane, while this change is focal in the larger 
glomeruli. These are the changes of ischemia and the 
next few slides show accentuation of these changes in 
the space of Bowman’s capsule. The end result is shown 
in the next slide, a shrunken down knot of wrinkled 
capillary basement membranes surrounded by _ the 
hyaline material in the space of Bowman’s capsule. The 
progressive changes in the glomerulus caused by ischemia 
are summarized diagrammatically in the next slide 
taken from McManus and Luptca (6). 

The next slide demonstrates the appearance of and 
stage ischemic obsolescence as seen in a section colored 
with the routine hematoxylin and cosin stain. No details 
of the shrunken glomerulus can be made out nor can 
any glomerular remnant be recognized, while the next 
slide, colored with the PAS stain, reveals the hyaline 
knot to be the gravestone of the glomerulus. The histo- 
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chemical technique again shows an unsuspected struc- 
tural detail allowing identification of a lesion. 

The next two slides show alkaline phosphatase prep- 
arations of the same hyline knot studied in the previous 
two slides. In the first of the phosphatase preparations, 
using glycerophosphate as substrate in the classical 
Gomori method, the hylaine knot shows little structural 
detail and no specific enzyme activity. However, in the 
next slide, using muscle adenylic acid as substrate (6) 
in a modified alkaline phosphatase histochemical 
method, the hyaline in the space of Bowman’s capsule 
colors black, demonstrating high 5-nucleotidase enzy- 
matic activity. 

The significance of the presence of 5-nucleotidase 
in the hyaline filling the space of Bowman’s capsule is 
not clear. At the present time we can say only that the 
specific enzyme is present and that this serves as a further 
factor or descriptor for ischemic change in the glo- 
merulus. The next few slides show that the 5-nucleotidase 
appears early in the ischemic change in the glomerulus, 
perhaps in the covering epithelium or podocytes. 

I show you again a normal glomerulus, as seen with 
the electron microscope, to recall to you the features of 
structure and the smooth roundness of the capillary wall. 
The next two slides are taken from pictures kindly lent 
me by Dr. Marilyn Farquhar. They show ischemic 
change in glomerular capillary loops, and, besides the 
wrinkly thickened lamina densa, they show also changes 
in the podocytes and in the endothelial cells which I 
shall describe in detail in a separate publication. To the 
best of my knowledge the late stages of ischemic obsoles- 
cence of renal glomeruli have not been studied with 
the electron microscope. 

Reviewing what we have seen in the ischemic glo- 
merulus, I should point out that we have indicated that 
the changes are seen best with a histochemical technique 
and; tracing the development, or ‘‘natural history,” of 
the lesion, we have seen an early appearance of 5 
nucleotidase in the ischemic glomerulus with the final 
shrunken glomerulus displaying a high concentration ol 
the enzyme in the hyaline enclosing it. The electron 
microscopic appearances of ischemic glomeruli have 
been shown and described, I think, for the first time. 

Turning to another glomerular lesion, intercapillary 
glomerulosclerosis, it is sufficient to say that this condi- 
tion shows a constant association with diabetes mellitus. 
The first slide on a section from a typical kidney affected 
by this condition first described by Kimmelstrel and 
Wilson, and colored with the PAS stain, shows a con- 
centration of a hyaline strongly PAS-positive material 
in the interluminal cell aggregates. The strong coloration 
by this method, which colors 1, 2 glycols chiefly, led me 
to suggest (2) that the glomerular hyaline deposits 
represented a mucoprotein from the blood trapped in 
the glomerulus in the process of excretion in the urine. 

Electron microscope sections of the glomerulus in 
intercapillary glomerulosclerosis have been loaned me 
by Dr. Barber Muellar. They show a gradual progression 
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of the glomerular deposit to the final laminated knobs of 
the most marked condition. There is thickening of the 
lamina densa, which was not appreciable with light 
microscopy, even with the PAS method, from an early 
stage of the process. A feature of the condition of inter- 
capillary glomerulosclerosis suggested by these electron 
micrograph preparations is that the hyaline may not all 
be the same within the glomerulus, here again differing 
from our histochemical PAS stain appearances. 
Finally, note the changes in the ischemic glomerulus, 
and especially the 5-nucleotidase preparations. These 
are summarized in this slide from McManus and Lupton 
(5) while, as seen in this next slide, no significant 5- 
nucleotidase activity appears in the glomerulus at any 
stage of Kimmelstiel Wilson’s intercapillary glomerulo- 
sclerosis. This absence is significant, since it has been said 
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that ischemia is the cause of intercapillary glomerulo- 
sclerosis, a statement contradicted by the data presented 
here. 

I have reviewed some of the biological aspects of the 
problems of pathology. I have also shown you some of 
the ways in which identification of lesions can be aided 
by histochemistry and by electron microscopy. In several 
instances of renal disease, the loss of an enzyme has been 
capable of indicating functional change. Contrawise, 
the appearance of an enzyme, where it should not be 
present, has aided in the identification of a lesion and the 
separation of cne lesion from another. Finally, we have 
traced the ‘natural history” or development of some 
glomerular disorders, reminding us that lesions possess 
temporal qualities like all living activities. All these data 
have been presented as biological aspects of pathology. 
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Quantitative cytochemistry for the study of 


normal and abnormal growth 


TORBJORN CASPERSSON 
Institute for Medical Cell Research, Medical Nobel Institute, Karolinska Institutet, Stockholm, Sweden 


i. RECENT YEARS the possibility of studying the chemical 
basis of the metabolic processes that take place within 
the cells during normal function and under diseased 
conditions has radically improved. The cytochemical 
work usually involves a combination of biochemical and 
biophysical procedures which are sometimes rather 
complex. Different metabolic processes make different 
demands on technique. This applies particularly to the 


“resolving power’, which is determined by the size of 


the individual objects to be investigated. These can be 
whole tissues, individual cells, large cell organelles, or 
individual small cell details. 

In certain cases, it might be enough to use large por- 
tions of tissue for each study. For energy metabolism, 
as an example, it is often sufficient to work with homog- 
enized samples of tissue, provided only that the cell 
populations in these are homogeneous. Work involving 
a higher degree of resolution is made possible by frac- 
tionation of the homogenized tissue before the chemical 
investigation by centrifugation, for instance, so that 
there is collected in the different fractions primarily one 
or another type of cell element. 

These procedures have shown themselves valuable for 
the study of those structural elements that can continue 
functioning even when broken loose from the cell struc- 
ture and a great deal of information has been obtained 
in this way on the details of the general catabolic proc- 
esses, particularly with respect to enzyme function in 
the cellular material. The combination of such proce- 
dures with morphological studies, particularly with the 
use of electron microscopy, has given a wealth of infor- 
mation, e.g., on the mitochondrial and microsome 
functions. 

Specialized cell functions such as the differentiation 
processes during cell development, demand as a rule 
work with a much greater resolution and this brings us 
into the field of cytochemistry proper. Qualitative cyto- 
chemistry, which works mainly with color-producing 
reactions, staining procedures and enzymological pro- 
cedures, has yielded many results that are of great 
interest, in spite of the fact that many of the methods 
in this field have come in for some justifiable criticism. 

The qualitative methods have their natural limitations 
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and it is evident that development of quantitative cyto- 
chemical methods would broaden the field of study 
enormously. The first real advance here came with the 
study of enzymes, where a remarkable series of methods, 
primarily built up at the Carlsberg laboratory in Copen- 
hagen, made possible great extensions of our knowledge 
of many normal cell functions. For quantitative studies 
of substances without enzymatic effects quite different 
types of methods are needed. Especially the efforts to 
study the synthetic or anabolic processes in the cell 
have been the reasons for their development. 

The anabolic processes in the cell, especially those that 
lead to the building up of macromolecules, lead to very 
stringent requirements for a high degree of resolution in 
the cytochemical work. This group includes primarily 
the proteins, which comprise the main mass of the cell, 
but also many differentiation products that appear in 
cells during development and cell function. 

Dealing with methods for the study of normal and 
abnormal growth processes, which is the task of this 
paper, the main emphasis has to be on methods for 
work on protein synthetic processes in the cell and their 
associated nucleic acid metabolisms. ‘The main emphasis 
is placed, not upon the results won as yet, but on the 
type of information the quantitative methods can give; 
and the examples to be presented are, because of that, 
purposely chosen from widely differing fields. 

For the work on growth processes, in which various 
cellular structural elements are concerned, it is on the 
one hand necessary to be able to work with a resolution 
down to about 1 p because of the small size of some cell 
organelles. On the other hand, it is necessary to be able 
to make quantitative determinations of the substances in 
question in that dimension range. This is because of the 
fact that the main mass of the cell is comprised of pro- 
teins, together with varying amounts of nucleic acids, 
and the synthetic processes to be studied involve changes 
in the quantities of these substances in different parts of 
the cell. 

The quantitative, cytochemical, high-resolution 
methods have primarily been developed for the study 
of just these questions and the available observation 
material is predominantly from this field. It should, 
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Fic. 1. Instrumentation for high resolution quantitative cytochemical work. 
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however, be stressed that the methods that are now 
available are perfectly suitable for the investigation of 
many processes of function and differentiation. 


QUANTITATIVE CYTOCHEMICAL HIGH RESOLUTION METHODS 


The first of these methods was developed quite long 
ago expressly for the study of nucleic acids in individual 
cell structures and with the aid of these methods there 
was demonstrated, among other things, the connection 
between nucleic acid and protein metabolism. Since 
those days the techniques have, of course, been developed 
considerably and there is now available for the study 
of protein and nucleic acid metabolism a series of inter- 
connected biophysical methods by which accurate 
information can be obtained on the amounts of proteins 
and nucleic acids in cell structures measuring about 1 yp. 
The central methods are high-resolution ultramicrospec- 
trography in the ultraviolet and visible spectral regions, 
as well as high-resolution microinterferometry and 
microradiography for the determination of mass (and 
in certain cases for S and P determination). 

For truly quantitative work it is, as a rule, necessary 
to apply different biophysical techniques on one and the 
same object which tends to make the work technically 
complex. The present-day procedures are, however, so 
extensively automatized and standardized that they are 
well suited for use in most biological laboratories. 

The reason why the quantitative cytochemical work 
on growth problems involves somewhat elaborate 
instruments lies in the fact that, for most rational types 
of biological problems, the instrumentation has to make 
it possible: @) to measure spots in the specimen down 
to 1 uw; b) to determine the total amounts of substances 
with known optical qualities in portions of cells or whole 
cells, in spite of the extremely great inhomogeneity usual 





FIG. 2. The “Universal ultramicrospectrograph.” 


in the biological specimens; c) to control the optical 
conditions in the specimen to be measured; d@) to deter- 
mine in suitably arranged model systems the optical 
constants for the cellular substances of interest, under the 
conditions existing in the specimen being measured, 
which are usually very different from the conditions in 
true solutions; ¢) to check, in suitable objects, the cyto- 
chemical measurements against macrochemical measure- 
ments, in spite of the enormous difference in working 





range of the two fields of work, which is around 10-10%. 

The necessity of meeting all the above requirements 
in biological routine work has led to the development 
of a relatively complex instrumentation, which can be 
said to have reached its definitive state in 1957, and 
which is described in detail in the literature (1, 2, 5, 6). 

Figure 1 shows this system of basic instrumentation 
for general quantitative cytochemical work, which 
fulfills the requirements in the points mentioned above. 

The diagram indicates the main procedures 
(““UMSP”: ultramicrospectrography; “Interfer. UMP”: 
high resolution interference ultramicrophotometry; 
“X-ray mass MSP”: X-ray microspectrophotometry 
for mass determination; ‘X-ray element MSP”: X-ray 
element microspectrography). In the figure the squares 
represent instruments. The right-hand column gives 
examples of the type of information obtainable with 
the different sets of instruments on the field now under 
discussion. For details and literature references see 
(2, 5). 

The central instrument in the group is the UMSP, 
which is shown on Fig. 2. 

Normal growth. Work carried out on normal growth in 
the past decade with the above methods and their prede- 
cessors has concerned various different aspects of the gene 
function mechanisms, nucleo-cytoplasmic interactions, 
the interplay between the courses of DNA, RNA and 
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FIG. 4. Curve 1: Ultraviclet absorption spectrum of central part 
of a metaphase chromosome from a grasshopper, diameter about 
0.7 wu. Curve 2: Course of the absorption of a sclution of DNA. 


protein syntheses, and also certain differentiation pro- 
cesses. A highly varied cell material has been used for 
these studies by different working groups and a con- 
siderable bulk of information has been collected. 

This gives an opportunity to judge which are the most 
important cell parameters for the study of growth and 
also the extent to which these are technically accessible. 
Most of the cell nuclear organelles have a part to play 
in the protein synthetic processes. During metaphase the 
chromosomes consist of DNA and protein in very roughly 
equal proportions. On_ suitably chosen cytological 
material, it has been shown that, during the periods of 
growth and function, there appear in and around the 
gene loci both proteins and RNA, which are then trans- 
ported out to the cytoplasm where the quantity of RNA 
can reach very high values during rapid growth. 

Of particular interest in connection with growth is the 
behavior of the main nucleolar apparatus. The cyto- 
chemical studies show that this apparatus contains large 
amounts of proteins and RNA, which in all probability 
derive from the nucleolus-associated chromatin. The 
system of nucleolus-associated chromatin and main 
nucleolus seems to represent a special, very conspicuous 
mechanism for synthesis during growth of large RNA 
and protein masses of a relatively uniform type appearing 
in the cytoplasm. It is still uncertain in what part of the 
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FIG. 5. Scanning high resolution measurements on a hetero- 
geneous object. 


cytoplasm the protein masses are to be found. Whether 
they represent structural protein, ribosome protein, or 
are diffusely distributed throughout the cytoplasm in 
order to serve as a basis for further rebuilding processes 
of the proteins, such as adaptive enzyme synthesis, is 
not known. 

It is necessary, for practically any type of the work in 
this field, to be able to measure DNA, RNA, and protein 
in such small structures as met in the nucleus—in the 
magnitude 1 micron—and also to make determinations 
of total amounts of these substances in large and often 
extremely inhomogeneous cell parts. 

A list of the different cell parameters, which it is of 
interest to measure in connection with growth problems, 
would thus run as follows: 

1. In the chromosomes and chromatin: a) the DNA 
content per nucleus (and individual chromosomes), 
b) the RNA content, c) the protein content in the total 
nucleus. 

2. In the nucleolus: a) the size, 6) the RNA content, 
¢) the protein content. 

3. In the cytoplasia: a) the amount of RNA, and, 
eventually its distribution, 6) the amount of protein. 

All these cell parameters are well within reach with 
what was described above as the basic instrumentation. 
Illustrations below, taken from the work of different 
working groups in our institute, exemplify such 
measurements. 

The lower limit in object size in ultramicrospectrog- 
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raphy is set by the wavelength of the light used. On 
objects smaller than two times the wavelengths of the 
light used it is, for physical reasons, not possible to get 
detailed absorption spectra. Figure 3 illustrates that it is 
technically possible to reach close to this limit. It shows 
ultraviolet absorption spectra of bacteria in different 
stages of growth and thus with different RNA amounts 
in the cell body. The diameters of the bacteria are in all 
cases around 0.5 micron. Figure 4 shows the course of 
an absorption curve from a chromosome of similar size. 

Biological objects with especially large cells give 
opportunities for studies of effects of individual genes or 
of gene groups. Figure 5 stems from a line of work on 
the synthesis of nucleolar substances in growth in Chiron- 
omus (11). Thanks to the enormous size of the chromo- 
somes, it is possible to measure in detail the synthesis of 
nucleolar material from special chromosome regions. 
The figure also illustrates the scanning mode of measure- 
ment by which the influence of optical inhomogeneity 
in the object can be mastered. A small measuring spot 
is passed over the object in a scanning pattern and an 
electronic system simultaneously computes and records 
both the extinctions in the different points of measure- 
ment and the running integral values. The curves of 
four individual sweeps across the object (absorption 
measurements at 2650 A and 2800 A and interference 
measurement) are to be found in the figure. From the 
figure, it is clear how it is possible to make determinations 
of total amounts of absorbing and refracting substances 
also in discrete parts of a complex object. 

The optical inhomogeneity is of specially great 
importance in measurements of large objects, such as 
whole nuclei and cells. However, the scanning measuring 
procedure, with measuring spots of the order of 
magnitude of the wavelength of the light, can account 
for such inhomogeneities in most types of biological 
objects. To take an extreme example—the largest 
individual cells used in our laboratory are protozoa, 
such as Paramecium. Here the cells are up to 200 yw in 
size and very inhomogeneous. In connection with studies 
of growth processes in Paramecium (8, 9), it was found 
possible to attain a very good reproducibility in measure- 
ments of individual whole cells (total mass, total nucleo- 
tides, and total DNA). 

These few examples from different lines of work may 
illustrate how, with the presently available techniques, 
the cell parameters listed above can be analyzed on a 
variety of different cell types and thus growth problems 
of many different types can be studied, in both normal 
growth and in diseased conditions. The latter field has 
not been worked on much as yet, excepting tumor 
growth, but the potentialities here are great. 

In this connection, it should also be pointed out that 
the present methods are well suited to studies in other 
fields of interest for cellular pathology, namely cell 
differentiation and cell function. Little work has been 
done here as yet, but the results indicate that the field 
will prove to be a fruitful one. As examples, the following 
have been studied: The function of various glands, the 











reaction of some tissues to hormone stimulation, amyloid 
development, the keratinization process in normal and 
pathological cases, and, lately, the mast cell system by 
aid of quantitative evaluation of metachromatic and 
other staining reactions. 

In a general way, it can be said that the group of 
combined absorptiometric and interferometric proce- 
dures working with the apparatus referred to in the 
beginning as basic instrumentation for more general 
cytochemical work have proven to be suitable for the 
study of quite a wide variety of problems in normal and 
abnormal cell function. 

Abnormal growth. The most interesting contribution of 
quantitative high resolution cytochemistry, as yet to 
our knowledge of the abnormal growth, is the observation 
of a great cytochemical variability between the cells of 
malignant cell populations with regard to organization 
and composition of the cell organelles involved in the 
protein and nucleic acid synthetic processes. This seems 
at the moment to be the most distinct chemically de- 
finable difference between normal cell populations and 
malignantly growing ones. In general pathodiagnostic 
work, cell polymorphism is a well-known sign of malig- 
nancy. The stained preparations, however, judged by the 
eye, reveal mainly morphological structure changes or 


0,6 


LAAN 
hry 


0,4 

















0,3 + 


EXT. COEFF. 


0,2 








0,! 




















WAVE-LENGTH 
3000 32¢ 





2400 2600 2800 


ric. 6. Ultraviolet absorption spectra from small spots in cells 
from different parts of a solid human carcinoma. 
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Fic. 7. Dry mass variability between cells. 


changes in amount and distribution of the products of 
cell differentiation and function, which occur secondary 
to the fundamental changes in growth pattern. 
Already the early cytochemical studies of the protein 
and nucleic acid metabolism with quantitative tools— 
the first some 20 years ago—showed striking differences 
between individual tumor cells (7, 10). These differences 
were especially pronounced in cell parameters concern- 
ing the RNA and cytoplasmic proteins but were found 
also in the DNA. No penetrating study of the subject 
was possible with the methods then available, so that 
the field lay for a long time untreated because of the 
technical difficulties involved. Investigations with the 
more recent general procedures for RNA-, protein- and 
DNA-determinations in our institute, and recent studies 
with the Feulgen reaction from several other laboratories, 
have shown that the “cytochemical variability” is a 
very prominent feature in malignant tumor growth. 
This variability concerns practically all the parameters 
discussed earlier in this Symposium, and can be ex- 
tremely pronounced in some types of tumors. Figures 
6 to 8 give some examples from measurements on solid 
invasive tumors. In Fig. 6 are plotted UV-absorption 
spectra of small spots in cells from different parts of a 
solid human carcinoma. The curves show very great 
differences in the concentration of cytoplasmic RNA, 
and indicate, also, differences in protein concentration. 
The curves in Fig. 7 show microradiographic mass 
measurements around and in a skin carcinoma. The 
measuring spot has in each case swept over about 10 
cells. N is normal tissue, H the hyperplastic tissue around 
the tumor, and Inf. the infiltratively-growing tumor 
region. The recording from normal skin reflects the 
small variability in the protein mass between adjacent 
cells. The increase from left to right is caused by the 
lower water content in the keratinized surface cells of 
the epidermis. The hyperplastic region shows lower mass 
values and somewhat larger variability, while the tumor 
region shows a very irregular recording, reflecting very 
great differences between adjacent cells. Figure 8 from 
the same preparation shows the very conspicuous changes 
in the nucleolar apparatus (optical cross-sectional area). 
The uppermost curve is from the normal skin, and the 
lower from regions closer and closer to the infiltratively 
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Fic. 8. Variability in nucleolar size. 


growing part. There not only occurs an increase in 
average size, but also a very pronounced increase in the 
variability in the amount of nucleolar substances. 

The phenomenon of cytochemical variability is of 
equal interest for tumor therapy, carcinogenesis, and 
certain tumor diagnostic problems. 

Interest from the tumor therapeutical point of view 
stems from the fact that a cell population with a great 
variation in the organization of the cell organelles in- 
volved in protein and nucleic acid synthesis obviously 
can be expected to react on external agents in patterns 
different from those of a normal homogeneous popula- 
tion. 

For studies of carcinogenesis, it is of interest to in- 
vestigate the stage in which these variations between cells 
appear. Such a study should also give valuable informa- 
tion for the judgment of early cellular changes in diag- 
nostic work. 

Work on these lines has, to a certain extent, been 
carried through with the techniques mentioned above. 
For instance, it was found in a mouse ascites tumor 
strain, which regularly developed resistance to metho- 
trexate during treatment, that the DNA-distribution 
pattern in all resistant strains studied showed a similar 
marked deviation from that of the original tumor, 
clearly indicating a differential sensitivity among the 
cells (see 4). Recent observations with other anticancer 
agents have given additional evidence on that point. 

In connection with the work on effects of external 
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agents, relatively comprehensive studies have been made 
on X-irradiated ascites material (3). It was found that 
DNA-, RNA-, and cytoplasmic protein synthetic 
processes responded in different ways. This possibility 
of differentiating on a cytochemical level between the 
reaction of these different metabolic processes is also of 
considerable interest for work on chemotherapy. 

Extensive studies have been made on surface biopsy 
material from human cervical carcinomata in different 
stages of development (see 4). It was found that in the 
established carcinoma—as compared with the normal 
mucosa—there appear very pronounced changes in the 
variability pattern of the cytopiasmic RNA and protein 
and also of the DNA. In limited material from “‘in situ” 
situations, changes in the degree of variability were also 
observed. 


RAPID CYTOCHEMICAL POPULATION STUDY METHODS 


The observations referred to above, supplemented by 
some other similar studies, showed the cytochemical 
tumor cell variability to be a still more conspicuous 
phenomenon than earlier studies had given reason to 
believe. Thus, it was desirable to expand the population 
studies. The recording cytochemical techniques de- 
scribed above proved, however, too slow to permit 
study of very large populations. 

The possibility was therefore considered in 1958 of 
evolving rapid population study techniques. This would 
clearly mean a very considerable amount of biophysical 
construction work, plus a great deal of biological work 
on the selection and development of suitable types of cell 
material. In cooperation with Doctors Sidney Farber 
and George Foley at the Children’s Cancer Research 
Foundation in Boston, and a group from our institute, 
this question was examined thoroughly, and it was 
judged to be worthwhile to carry through such a project, 
especially because of its interest in tumor therapy. The 
biophysical instrumentation development was carried 
out in Stockholm in 1959 and 1960, while the develop- 
ment of biological material was simultaneously handled 
in the American laboratory. During 1960, the instru- 
mentation has been used for work on the fields mentioned 
above. It is at present under publication (T. Caspersson, 
S. Farber, G. Foley, G. Lomakka, D. Killander, O. 
Caspersson). 

It should be pointed out that new instruments have 
increased the speed of the population work by 100-500 
times on suitable material. This changes the whole back- 
ground for cytochemical population work and makes 
much wider problems than before accessible for study. 
Studies are at present under way on different problems 
concerning carcinogenesis and chemotherapy. 

In order to make this great gain in speed possible, 
methods had to be limited to types of material where the 
cells could easily be isolated from each other. For certain 
questions this is no disadvantage. For others, however, 
it is desirable to have access to rapid techniques and also 
to work in solid tissues. Such methods are at present 
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under development but they offer considerably greater | cytochemical methods have lately been developed 


technical problems. specially for populations studies. 
With regard to the quantitative cytochemical work 
SUMMARY on growth in general, it seems probable that the next 


few years will see an increasing use of biophysical 
methods for that purpose in cell physiology and cellular 
pathology. A factor which has until recently limited the 
use of such methods has been the relative complexity of 
the instruments and the attendant difficulty of access to 
suitable instruments. Both these factors, however, have 
changed rather radically during the last years. The basic 
instruments are—and will necessarily remain—rather 
complicated, when compared with many other tools of 
cytology, but the routine work with them is nowadays 
simple. Commercial production of some types of instru- 
ments is in progress. 

Thanks to the existence of the more complex and pre- 
cise instrumentation, it will be also possible in an in- 
creasing scale to attack problems in a quantitative fashion 
by simpler procedures, calibrated and controlled by aid 
of the more complex techniques. Population study tech- 
niques give one such example. No doubt many such lines 
will be developed in the future. One field, which will 


The high resolution quantitative cytochemical pro- 
cedures available at present are well suited for study of 
many aspects of normal growth involving changes in the 
state of the intracellular structures concerned in the 
process of protein synthesis in the cell and, also, for the 
study of different types of growth disturbances. 

For the study of cell differentiation and cell function, 
the automated techniques have considerable research 
potentialities which have by far not been fully utilized 
as yet. In the field of tumor growth and differentiation, 
the most interesting contribution thus far has been the 
observation of the wide cytochemical variability in 
different cell organelles arising during tumor develop- 
ment and becoming most pronounced in malignantly 
growing cell populations. 

This variability is a factor of significance for the mode 
of reaction of tumor cell populations to external agents, 
such as chemical anticancer substances. It is also of 
interest for questions concerning carcinogenesis and 


diagnosis in early stages of tumorogenesis. As these fields | obviously benefit from such an approach, is the study of 
seem to be especially promising for the future, rapid living cells. 
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Vistas in the etiology and pathogenesis of tumors 


1 


JACOB FURTH 


Department of Experimental Pathology, Roswell Park Memorial Institute, and 
Graduate School, University of Buffalo, Buffalo, New York 


a OF QUANTITATIVE absorption-spectroscopy 
for nucleic acid were introduced by Professor Caspersson. 
These and other cell analyzers, such as modern chromo- 
somology, are excellent tools for characterization of the 
cancer cell and cell populations. They support the classi- 
cal concept (i.e., that the core of the cancer problem is 
the cancer cell, which is a permanently altered autono- 
mous variant of a normal cell), which was the subject 
of the Symposium of the American Association for 
Cancer Research (Cancer Research in print, and 19). 

In this Symposium, James Miller reviewed the mecha- 
nism of carcinogenesis by chemicals on the molecular 
level, from the binding of the carcinogen through a 
series of reactions ultimately leading to a modification 
of the cells’ hereditary nucleic acid. Miller, as well as 
others, postulates a basically similar change in nucleic 
acid by viruses and radiations. While true for some, this 
postulate does not explain the origin and character of 
all cancers. I wish to balance these concepts by tracing 
many neoplasms to a disturbance of the homeostatic 
equilibrium which specifically regulates the number of 
each cell type of a complex organism. I shall describe 
progressively growing tumors, where the basic change 
is not in the cells to be regulated, but in the regulatory 
apparatus and this change is readily correctible. 

To illustrate the role of specific homeostatic regulators 
in the initiation and maintenance of growth of many 
tumors, two organ systems were chosen: The Mg—Mt 
and the T—Tt systems. 


Abbreviations : 
T = thyroid; Tt = thyrotrope; TtH = thyrotropin—thyrotropic 
hormone; T'T = thyroid tumor; TtT = thyrotropic tumor. 
Mg = mammary gland; Mt = mammotrope; MtH = mammo- 
tropic hormone = mammotropin; MtT = mammotropic tumor; 
MT = mammary tumor. 


1 Supported by the National Cancer Institute and the Atomic 
Energy Commission. 

The title of this communication was suggested by our chairman. 
Vista is defined as a “‘mental view of far reaching kind.” This is too 
pretentious. Vista is also defined as “‘A view, especially one seen 
through a long narrow avenue, as between rows of trees.’ In 
cancer research we are passing through a long and narrow avenue 
lined with tall “trees” limiting our horizon. 
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MAMMARY TUMORS—-MAMMOTROPES 


The discovery of hormone responsiveness of tumors 
can be traced to Beatson who, in 1896, by bold reasonlng 
based on the relationship of breast cancer and milk pro- 
duction to ovarian function in the dairy cow, recom- 
mended removal of the ovaries for control of breast 
cancers in women (3), a procedure which is almost rou- 
tine today. Other discoveries followed, as indicated in 
Table 1. 

Subsequently, work by many investigators has led to 
the concept of a triad of forces in carcinogenesis: 

1) Carcinogens, which are agents that bring about 
an apparently irreversible modification of the cell’s 
hereditary nucleic acid with loss of ability to respond 
properly to homeostatic regulators. 

2) Hormones, which are promoters and inhibitors 
in cell homeostasis. They regulate growth and function 
of cells but do not produce cancers. If cancer arises in 
a hormone stimulated organ, we had better search for 
another force. 

3) Genetic factors, which govern the response of the 
host to extrinsic agents. They do not operate in a vacuum. 
The discovery that MT and leukemia in certain strains 
of mice is due to viruses dims the luster of those genete- 
cists who published papers on the number and character 
of genes involved in the high frequency of these cancers. 
This dilemma can only be resolved by accepting the dic- 
tum that genetic material and viruses are the same (18). 

All three types of carcinogens (chemical, viral and 
radiation) have been demonstrated to be capable of 
inducing mammary tumors. The hormones responsible 
for MT were first thought to be estrogens, thus explain- 
ing why breast tumor is common in women and rare in 
men. However, in regulation of mammary gland func- 
tion, estrogens act indirectly by way of the pituitary 
Mt, stimulating the production of mammotropins 
(MtH) which, in turn, stimulate the mammary gland. 
Some 10 years ago, while working on radiation-induced 
cancers, we were accidentally sidetracked to a study of 
the mammotrope. When the pituitary is irradiated, the 
mammotropes readily give rise to functional tumors 
which can be grafted on normal hosts, causing an extra- 
ordinary stimulation of the mammary gland, even in 
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TABLE 1. Historical Data Related to Control of Breast Cancer 


1896 | Ovariectomy retards MT in women (Beatson, 3). 
= 

1916 Prevention of MT in mice by ovariectomy (Loeb). 

1932 Estrogen induces MT in mice (Lacassagne). 

1939 +~| Adrenal compensates for ovariectomy, produces 


gonadal hormones and MT (Fekete, Woolley 
and Little, 23). 


1940 Discovery of milk virus (Bittner, 5). 

i944 | Androgens inhibit MT development (Heiman). 

1951 Inhibition of MT in women by adrenalectomy 
(Huggins and Bergenstal, 13). 

1952 Hypophysectomy for control of MT in women 
(Luft and Olivecrona, 17). 

1958 Isolation of Mt. Its relation to estrogen; its role 


in genesis and growth of MT (8). 


¥ 


Concerning effects of hormonal therapy of human MT see 
20. 





FIG. 1. Extensive mammary gland stimulation of a rat bearing 
a transplanted mammotropic tumor in the right thigh. 


the absence of the gonads (8). Figure 1 shows the ex- 
tensive mammary gland stimulation in a rat bearing a 
grafted mammotropic tumor in the thigh. 

In studies on induction and growth of mammary 
tumors, such transplantable mammotropin secreting 
tumors were used to continuously supply large quantities 
of MtH in order to study its role in the initiation and 
growth of mammary cancers induced by three classes 
of carcinogens: chemical, viral and physical. 

Mammary tumor induction with radiations. It has been 
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established that radiation readily induces mammary 
tumors in rats (6). In a typical experiment, rats were 
given 50-400 r of X rays (Table 2). Within the 8-month 
period of observation, no MT developed in the rats 
treated with MtH or with 50 r alone and only 6% of 
the rats given 150-400 r developed such tumors. In con- 
trast, 58 per cent of the hormone treated rats irradiated 
with 50 r had mammary tumors and larger doses in- 
creased the tumor induction rate to 72 % (24, 25). 
Recent evidence links induction of leukemia by radi- 
ation to activation of a latent virus—but viral action 


TABLE 2. Role of MtH in Induction of MT by 
X rays in Rats (24, 25) 
Treatment Tumor Incidence 


50 r 0/14* 
150-400 r 2/35 (5-7%) 


MtH 0/21 


7/12 (58.3%) 
24/33 (72.7%) 


50 r + MtH 
150-400 r + MtH 


* Number injected over number with tumors. 


TABLE 3. Role of MtH in Induction of MT in 
Mice by Virus 


Treatment No. in Group No. with Tumors 
MtH + virus 37 12 (32%) 
Estrogen + virus 30 Oo 
Virus only 30 o 
MtH only 39 oO 
Estrogen only 30 oO 
None 30 oO 





FIG. 2. Microscopic appearance of the normal mammary gland 
of a female mouse (left upper quadrant) contrasted with mam- 
mary gland stimulated with mammotropic hormone containing 
much inspissated secretion (right upper quadrant), similarly stim- 
ulated mammary gland with a micro-tumor (left lower quadrant) 
and of a large carcinoma (right lower quadrant). 
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itself is explained by a secondary nucleic acid disturb- 
ance. However, it is not necessary to suppose that radi- 
ations, which can directly modify nucleic acid, always 
act by activating a virus. Thus far, no virus has been 
found in MT of rats, although two viruses are known 
which are capable of producing MT in mice. Let us 
examine, therefore, the possible role of Mt in induction 
of MT in mice by virus. 

Role of MtH in induction of MT by virus. The mammary 
tumor virus of Bittner is highly infectious during the 
first few days of life. Adult mice are resistant. In the 
following study (Table 3) (24, 26), adult mice of the 
LAF; strain, in which mammary tumors are almost non- 
existent, were used. Of the 37 mammotropin stimulated 
mice treated with virus, 32% developed cancers; on the 
other hand, in 159 mice that received virus or hormone 
alone, or estrogen with or without virus, none developed 
tumors. 

What is behind this remarkable phenomenon? The 
present popular concept links tumor formation with 
maturation arrest and with disturbance of differentia- 
tion. According to this concept, a nondividing end-cell 
cannot form a tumor and when a cell turns tumorous, 
it multiplies without perishing by maturation. In the 
genesis of MT and TT discussed here, differentiation 
is not involved. The specific hormones appear to have 
done no more than bring about proliferation of a fully 
differentiated cell. Whoever has seen a motion picture 
of mitosis with the extraordinary pinocytic movements, 


can easily visualize how viruses can gain entry into cells 
during mitosis. If one asserts that virus is the sole cause 
of cancer, other factors, without which the virus is harm- 
less, may be ignored. If the tumor virus is ubiquitous, 
its mere identification is almost meaningless. What be- 
comes important is to determine why the ubiquitous 
virus Causes cancer in one individual, but not in another. 

Figure 2 contrasts the normal obese breast with the 
highly hormone-stimulated mammary gland containing 
much stagnating secretion, an early tumor, and an in- 
vasive cancer. 

Electron micrographs, just completed by Dr. Leon 
Dmochowski, have shown an abundance of virus particles 
in the virus-induced MT but not in the MtT. 

Role of MtH inducing MT with chemical carcinogens. 
Several investigators (22) have shown that feeding female 
rats with carcinogenic hydrocarbons will cause the de- 
velopment of many mammary cancers. Mammary can- 
cers were induced in rats (15) by repeated feeding with 
3-methylcholanthrene, as reported by Huggins (14). 
When the tumors were palpable, the rats were arranged 
in groups of three: one was left untreated as control, the 
second was ovariectomized and the third hypophy- 
sectomized (Fig. 3). In about two-thirds of the ovariecto- 
mized or hypophysectomized rats, the tumors diminished 
in size and some completely regressed. When mammo- 
tropin was administered to such rats (indicated by the 
arrows), the atrophic tumor rapidly resumed vigorous 
growth. 
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Fic. 4. This rat had a mammary tumor induced by 3-methyl- 
cholanthrene which regressed following hypophysectomy. On sub- 
sequent administration of mammotropin, not only did the original 
tumor recur but numerous new mammary tumors appeared, as 


shown. 


In such heavily cancerized hypophysectomized rats, 
not only did the original tumor recur following MtH 
treatment but many new tumors appeared, 11 of macro- 
scopic size in the rat shown in Fig. 4, with a host of mi- 
croscopic tumors. These observations indicate that the 
chemical carcinogen brought about a neoplastic trans- 
formation of many cells, most of which remained latent 
until stimulated by MtH. 

In the experiment shown in Fig. 5, rats were given 
one 10 mg dose (oral) of methylcholanthrene. This, or 
MtH alone, produced no tumors. However, MtH treat- 
ment preceding or following administration of the car- 
cinogen caused rapid development of mammary cancers 
in most rats. The hormone treatment could be delayed 
as long as 8 months (16), indicating again that cancer 
cells can remain latent over long periods, and can be 
made to grow when a proliferative stimulus is applied. 

This phenomenon is not unique. It was shown in skin 
carcinogenesis with tar, decades ago, by Rous (21). By 
simply punching holes in a tarred area and thereby 
creating a proliferative stimulus, tumor formation was 
incited. This led to the two-stage concept of carcino- 
genesis systematically worked out by Berenblum (4). 

Figure 6 contrasts the resting mammary gland of a 
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female rat with that stimulated by MtH; an early cancer 
induced by methylcholanthrene, and a fully developed 
cancer in a rat treated with both. 

To recapitulate, carcinogens initiate, i.e., cause an 
“irreversible” change in mammary epithelium. Pro- 
motion of growth of many altered cells, while still re- 
maining under specific hormonal control, is later brought 
about by MtH. This hormone increases the number of 
cells in the target area, and thereby brings more cells in 
a state sensitive to carcinogens, particularly if it is applied 
before the carcinogen. Furthermore, the MtH stimu- 
lated gland may trap carcinogenic chemicals or pick up 
virus by pinocytosis or other mechanisms during division. 

We conclude that the mammotrope is the key cell in 
the initiation and maintenance of mammary cancers 
and, therefore, also the key cell in its control. Figure 7 
is an electron micrograph of Mt acidophils, left tumorous, 
right from the pituitary of a lactating female (7). Such 
large (100-200 my) electron dense particles (stored hor- 
mone) are absent in all other types of pituitary cells. 

The concept of two types of acidophils, one secreting 
growth hormone, the other MtH (prolactin), is chal- 
lenged by our observations. It seems to us more likely 
that the cell shown here secretes either one hormone 
with the two main effects or two closely related hormones. 


THYROID-THYROTROPE SYSTEM 


At present, this system provides the best model to 
illustrate how a homeostatic derangement can lead to 
progressively growing tumors and how such tumors can 
be fully controlled by restoration of the homeostatic 
disturbance (11). 

High levels of thyroid hormone depress the pituitary 
thyrotropes; low levels of thyroid hormone stimulate 
thyrotropes (Fig. 8). In turn, the thyrotropins produced 
stimulate the thyroid and the increased blood level of 
thyroid hormone causes depression of thyrotropes. This 
is the thyroid-thyrotrope “thermostat.” The situation 
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CARCINOGEN (Cg) MAKES A CANCER CELL; HORMONE (Mth) 
PROMOTES GROWTH OF MAMMARY EPITHELIUM AND ITS TUMORS 
FIG. 5. Schematic presentation of the finding that a small dose 
of carcinogen alone produced no mammary tumor; the same dose 
produced tumors in animals also treated with mammotropins; and 
that the latency of tumor growth depended on the time of admin- 
istration of this hormone. 
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ric. 6. Mammary gland of a normal adult 
female rat (left upper quadrant), that stimu- 
lated with mammotropin (right upper quad- 
rant), an early microscopic tumor in a hyper- 
stimulated mammary gland (left lower quad- 
rant), and a large carcinoma (right lower 
quadrant). 





is more complicated than shown here. The signal sub- 
stance to the pituitary may be a metabolite. The hypo- 
thalamus acts as the modulator, but the system works 
in absence of the hypothalamus, as was noted in the 
course of transplantation studies with fully hormone 
dependent thyrotropic tumors. 

It is possible to produce at will either a thyroid tumor 
or a thyrotropic pituitary tumor by appropriate de- 
rangement of this system. Thyrotropic pituitary tumors 
are best produced by complete destruction of the thyroid 
with I'*!, thus creating a sustained need for thyrotropic 
hormone. Conversely, thyroid tumors are produced by 
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FIG. 7. Electron micrograph of 
neoplastic mammotropes (left) 
compared with acidophilic cells 
of the normal pituitary (right) 
(X7,300). (Courtesy of Dr. M. 
Farquhar and the M. D. Ander- 
son Hospital.) 


creating a sustained oxcess of thyrotropic hormone. (Fig. 
9). 

Homeostasis is complex and poorly known but the 
change can be often located and corrected. It is the 
balance that matters. Examples of several possibilities are 
listed in Table 4. 

There is a striking difference between radiation and 
hormone induced tumors. With rare exceptions, tumors 
arising in radiated cells are autonomous from the start, 
while hormone induced tumors in the beginning are 
hormone dependent. However, if radiation hits the 
regulatory apparatus, as is the case with radiation in- 
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duced thyrotropic tumors, neoplasms which arise in the 
regulated cells are as frequently hormone dependent as 
those induced by simple hormonal imbalance. 

Thyrotropic (pituitary) tumors (TtT, cf. 10). Sustained 
thyroid hormone deficiency in mice, best achieved with 
radiothyroidectomy, will invariably result in the de- 
velopment of a progressively growing pituitary tumor 
(Fig. 10). These tumors often invade the sella and ad- 
jacent brain. 

When grafted, they never grow on isologous normal 
hosts, while they thrive in hosts conditioned by TH 
deficiency. They metastasize to regional lymph nodes, 
but even the metastatic tumor cells are fully hormone 
dependent. Grafted thyrotropic tumors usually remain 
fully dependent on TH deficiency for several years of 
successive passages in animals. However, sooner or later 
they give rise to highly autonomous variants. The mor- 
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FIG. 8. Schematic view of the thyroid-thyrotrope “‘thermostat.” 
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phologic changes accompanying this functional alteration 
have been amply illustrated elsewhere (cf. 10). In 
general, dependent tumors resemble a population of 
normal cells, while autonomous tumors are beset with 
the chromosomal (DNA) abnormalities, such as ‘“‘ana- 
plasia”’, discussed earlier by Professor Caspersson. 

The characteristic change occurring in the course of 
progressive neoplastic transformation consists in an in- 
crease of growth vigor and decrease in functional ca- 
pacity. The latency of primary TtT is about 16-10 
months, that of dependent tumor grafts 8-4 months, 
and that of autonomous tumor grafts 3-1 months (Table 
5). As-the tumor acquires autonomy, function gradually 
decreases, as indicated in units of TtH per milligram of 
tumor. 

Thyroid tumors. Functional thyrotropic pituitary tu- 
mors, providing continuously very high levels of thyro- 
tropins, were utilized in attempts to produce transplant- 
able thyroid tumors. My associates (11) succeeded in 
producing such a tumor, which even now, after 3 years 
of successive animal passages, is still fully dependent on 
thyrotropins. 

The situation is analogous with that in man. Thyroid 
cancers are rare and most of them are highly dependent 
on deficiency of TH, which is their physiologic inhibitor. 


TABLE 4. Homeostatic Disturbances Promoting 
Tumor Formation 


Stimulation can result from Examples 





Reduction of inhibitor (Thyroid) TH — (pituitary) 


TtH + 
Diminished inactivation of in-| Liver disease — estrogen + 
hibitor 


| 
| 
Increase of stimulant | TtH — TH + 
-| 
| 


Altered responsiveness of target} Radiation — all cells 
cell 

Altered responsiveness of regula-| Radiation — all cells 
tor cell 





meal . ; 
TH TSH 
ii 
Propylthiouracil 
Surgical thyroidectom) TH deficiency (Thyrotropic) 
Pituitary tumor 


I - Radiothyroidectomy 





FIG. g. Thyrotropic pituitary 
tumor induced by _ radiothy- 
roidectomy contrasted with a 
normal pituitary. The photomi- 
crograph shows the site of the 
thyroid region following radio- 
thyroidectomy. 
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FIG. 10. Macroscopic view of a 
hyperstimulated thyroid and fully 
dependent thyroid tumor, with a 
microscopic picture of the latter. 


TABLE 5. Growth vs. Function —Thyrotrofic Tumors 


Growth Function 


TtH* content 


| 
|_ 
Latency months 
| 
| 


| 
| 
| 
: | 
| Normal pituitary | 
| 
| 


0.1 
Primary dependent tumor = 10 | 0.4-0.05 
Grafted dependent tumor 8-4. | 0.2-0.02 
Grafted autonomous tumor ot | 0.01-0.0 


Scheme based on experiments of Bates et al. (2) and several 
members of my laboratories (11). *In units/mg; approxi- 
mate values. 


TABLE 6. Growth vs. Function—Thyroid Tumorst 


Thyroid cell Growth* Functiont 


| Normal, resting oO +H 
Normal, hyperstimulated 4 +++ 4 
Dependent tumor ++ ++ 
(Autonomous tumor +++ +-o) 


* Growth is measured by size, tumor latency, uptake of H®- 
thymidine and mitotic figures. } Functional capacity is 
measured by I}*! uptake. TH production. t Schematic. 
Signs in parentheses are based on work of others. 


(The common causes of this deficiency are lack of iodide 
or antithyroidal chemical in the diet.) Many thyroid 
tumors of man can be controlled by administration of 
thyroid hormone (1). 

The behavior of TT has often fooled pathologists. A 
tumor cell population, as shown in Fig. 10, resembles a 
malignant growth. They can be seen in the lymph node, 
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TABLE 7. Growth vs. Function—Thyroid Tumors 
[21 uptake, 
Thyroid cpm/mg* Weight, mg 
| Normal, resting 8800 5 
Normal, hyperstimulated 3900 66 
| Dependent tumor 571 84 
+(Autonomous tumor 500 > 0 100+ ) 


*Values from an experiment of Messier-Furth (11). 
+ Schematic. 


venules, draining the thyroid, and, rarely, in the lung, 
yet often they are not autonomous cancers. (Chromoso- 
mal changes have not yet been studied in the course of 
the gradual transformation from normal to autonomous 
cells. We would expect that in dependent tumors the 
chromosomes would be unaltered. ) 

The inverse relationship between growth and function 
evident in the course of thyroid tumor induction is 
sketched in Table 6. Although the transplantable thy- 
roid tumor studied is fully dependent on thyrotropins, 
its growth vigor has increased and its functional ca- 
pacity decreased, as shown in Table 6. 

More precise documentation of this dissociation is 
shown in Table 7. Function, as measured by iodine up- 
take, decreased per mg of tissue, while growth vigor, 
indicated by tumor weights, increased with tumor forma- 
tion. By multiplying the two figures in the vertical 
columns of Table 7, one arrives at the total I'*! uptake. 
There is a gradual transition between the normal gland 
and the autonomous tumor. Hyperstimulation of the 
thyroid is at first diffuse; then nodules arise, many of 











which take up very little I'', hence the decrease per 
mean unit weight. As one would expect, the functional 
capacity of both dependent and autonomous tumors 
tend to decrease in the course of successive passages. 

Radioautography is an excellent means to illustrate 
both function and growth. Those of Fig. 11, made by 
Dr. Messier shortly after I'*! administration, illustrate 
the decrease in I'*! uptake with formation of adenomatoid 
hyperplasia and dependent tumor formation. The first 
vertical pair is from normal thyroid, the second from 
hyperstimulated nodular thyroid, and the third from a 
dependent thyroid tumor. In the last, the grains are fine, 
barely detectable, at this magnification. 


TUMOR-HOST RELATIONSHIP 


This now popular topic includes: 1) specific hormonal 
factors and homeostatic regulators; 2) nutritional factors, 
such as marked reduction of caloric intake and specific 
vitamin and other deficiencies, as both are known to be 
capable of retarding tumor growth; 3) specific immuno- 
logical forces (humoral and cellular), which may limit 
progression of spontaneous tumors; and 4) miscellaneous 
nonspecific factors, such as ability of the host to form 
supporting stroma (connective tissue and blood vessels), 
provide macrophages and mast cells which may influence 
tumor development, and such poorly understood forces 
as the ability of the spleen and muscle to check prolifera- 
tion of tumor cells, which often reach these organs by 
way of the blood stream. 

Points 2,3 and 4 are possibilities which to date have 
been found to be of limited significance. Knowledge of 
vital anabolic pathways and of essential nutrients of 
cells may lead to exploitable differences between cancer 
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FIG. 11. Radioautographs of a normal 
thyroid (left columns), that of a hyper- 
stimulated nodular thyroid (center 
columns), and dependent thyroid tu- 
mors (right columns) given the same 
tracer dose of I'%! and sacrificed at the 
same time (c...rtesy of B. Messier). 


and normal cells. For example, the unusual dependence 
of gonadal stimulation on folic acid led Hertz (12) to 
the discovery of the great responsiveness of choriocar- 
cinoma of women to the folic acid antagonist amethop- 
terin and to spectacular control of this tumor by high 
levels of this folic acid analogue. 

However, ideas under 17 offer, we believe, as much 
promise as any for the control of cancer (g). The possi- 
bilities in hormonal control of neoplasm include: 7) pro- 
phylaxis; 2) arrest of fully dependent tumors by restora- 
tion of the disturbed homeostasis; 3) retardation of 
autonomous but hormone-responsive tumors by antago- 
nistic hormones or hormone analogues; and 4) target 
cell destruction by coupling hormones with cytotoxic 
chemicals or radioactive substances. 

In closing, allow me to challenge some prevalent views: 
Is it essential to base progression of tumors on the <°- 
sumption that the tumor cells must always be perma- 
nently altered? Observations on fully dependent neo- 
plasms indicate the contrary. They show that at the 
onset many tumors are highly responsive to their physio- 
logic regulators and that this responsiveness diminishes 
or vanishes with time. Concentration of research on 
much altered ancient transplantable tumors floods the 
literature with fictitious findings and diverts attention 
from “‘natural’’ neoplasms. 

Is it essential for a virus to lurk behind all neoplastic 
modifications of nucleic acid? If this were so, it would 
require modifications of nucleic acid by both chemicals 
and radiations, i.e., mutations, to be due to a virus, 
always present in the environment or hidden inside the 
cell as a stowaway. 

Is it essential to suppose that the process of viral 
carcinogenesis is linked with arrest of differentiation? 
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In all examples sketched here, we dealt with fully 
differentiated cells. In transforming them to cancer cells 
during exposure to subthreshold doses of carcinogens, 
we merely increased their numbers. Bringing cells to 
multiplication entails a greater chance of free entry of 
viruses and carcinogenic chemicals, as well as greater 
sensitivity to radiations. 

I have chosen to speak on the role of hormones in 
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carcinogenesis because they play a powerful role in 
initiation and maintenance of growth of tumors induced 
by either of the three classes of carcinogens: chemicals, 
radiations or viruses—and because they seem to offer 
many possibilities for control of certain tumors. 


I am indebted to associates named for citing some of their 
work yet to be published, and to John J. Furth for editorial cor- 
rections. 
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Introductory remarks 


HAROLD E. HIMWICH 
Thudichum Psychiatric Research Laboratory, Galesburg State Research Hospital, Galesburg, Illinois 


jm SYMPOSIUM IS THE FOURTH in a series of inter- 
society programs concerned with experimentally in- 
duced changes of behavior and has been prepared by a 
committee composed jointly of representatives of the 
American Physiological Society and the American 
Society of Pharmacology and Experimental Thera- 
peutics. As can be seen from the second half of this 
program, the intellectual interests of the American 
Society of Biological Chemists are also included. 

One of the impelling motives for this series of symposia 
is the rapid development of the psychoactive drugs. This 
group involves not only tranquilizers and antidepres- 
sants employed in the management of patients but also 
psychotomimetic drugs, used partly therapeutically, but 
chiefly tor the experimental production of psychotic-like 
mental conditions. Many disciplines are involved, 
including pharmacology as well as physiology, for 
drugs are used in these experiments as tools to study 
physiological functions. Irrespective of the disciplines 
used in these studies, correlations are suggested between 
physiological changes in brain parameters and effects on 
behavior. 

Drugs furnish excellent tools for the study of the brain 
and mind. Just as we prefer spontaneously behaving, 
freely moving animals in our analysis of brain functions 
to either anesthetized or immobilized animals, we also 
prefer the use of drugs to operative interference with 
the brain. The advantage of drugs over extirpations is 
obvious, for we can observe the subject, whether man 
or animal, before, during, and after drug action is over; 
in a word, we have a reversible rather than the irre- 
versible condition produced surgically. 

The three preceding symposia concerned 
entirely with an analysis of animal behavior. For the 
present one, Doctors P. B. Dews and K. R. W. Unna, 
the two other members of the Bi-Society Committee, 


were 


have chosen the subject, “Effects of Hallucinogenic 
Drugs in Man.” It is not necessary to detail to this 
society the great importance of experiments performed 


on animals. By their use, it is possible to study changes 


in brain constituents by extirpating brain parts. Animals 
can also be used for the implantation of deep electrodes 
more readily than this can be accomplished in man. In 
many instances such experiments reveal significant differ- 
ences from species to species. By the same token, it is 
frequently unwise to extrapolate results obtained from 
infrahuman species to man and this applies especially 
in the case of the central nervous system. It is, therefore, 
preferable to perform studies on man and obtain human 
observations directly. That is one reason why ‘‘man” 
was chosen for the material to be presented here. 

For this Symposium, the effects of drugs on man is 
the common denominator for both societies responsible 
for the program. The earliest observations of the actions 
of drugs on man were made by clinicians, and indeed, 
they still make important contributions. Their work is 
most valuable in the discovery of the effect of drugs on 
human behavior, as well as individual variations from 
man to man. Furthermore, information acquired by 
clinical observation is of great value in predicting real 
life situations. On the other hand, they do not permit 
the quantitative evaluations which can be obtained from 
the application of experimental methods of psychology. 
These objective methods yield results of a different 
order from those obtained by clinicians in terms of 
greater precision as well as better reproducibility and 
therefore yield firmer ground for generalizations. 

Such studies include the area of visual perception, 
the meaning obtained from the sensory process while the 
visual stimulation is present. In a word, the cognition or 
knowledge of what is seen. The first portion of this pro- 
gram is concerned with the methods of experimental 
psychology applied to the effect of drugs on the visual 
percept. The drugs used are psychotomimetic drugs 













capable of producing alterations in behavior, as well 





as visual illusions, in which the perceptions have a basis 
in the external world but the interpretation is faulty. 
With visual hallucinations, however, the perceptions 
are without objective reality. The first paper by Dr. A. 
M. Ostfeld and the discussion by Dr. W. T. Lhamon are 
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concerned with such studies. Among other results, it is 
shown that modifications in retinal functions are less 
important for the alterations in perception than are 
changes in brain function. 

Dr. S. I. Szara presents quantitative evidence for the 
endogenous formation of psychotomimetic substances in 
the body. He administered tryptamine derivatives and 
observed their hydroxylation in the sixth position. The 
latter, he finds, has stronger psychotomimetic powers 
than its parent substance. Doctors G. G. W. Brune and 
G. R. Pscheidt note temporal correlations between the 
urinary excretion of indole derivatives and behavior. In 
fact, indole derivatives of serotonin as well as tryptamine 
may increase even before the onset of behavioral dis- 
turbances. As suggested by Dr. N. J. Giarman, the free 
amines, rather than the bound forms of the serotonin, 
are the active substances associated with the worsening 
of behavior. But it remains to be elucidated which one 
of the compounds studied is most relevant. Is it serotonin, 
tryptamine, or some other derivative of an indole com- 
pound, perhaps the ones suggested by Dr. Szara? 
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The conclusions of Dr. Szara, as well as those of Doc- 
tors Brune and Pscheidt, may be regarded as receiving 
support from the experiments of Dr. S. S. Kety and co- 
workers, for the latter observed intensifications of ab- 
normal behavior when they administered tryptophan, 
the source of indole derivatives in the body. They also 
produced exacerbations of psychotic symptoms with 
methionine, which makes methyl groups available for 
combination with indole compounds. Just where LSD 
fits into the biochemical suggestions mentioned above 
is not clear, although LSD, in addition to the indole 
configuration, contains a methyl group attached to a 
nitrogen atom. Dr. Giarman has still another suggestion 
in regard to the mechanism of action of LSD, namely, an 
increase of bound serotonin. Although the biochemical 
papers differ in experimental details, it seems clear that 
they are complementary to each other in presenting 
different facets on the same problem. They should, 
therefore, stimulate further work on the psychotomi- 
metic properties of the indole derivatives. 








Effects of LSD 25 and JB 318 on tests of visual 


and perceptual functions in man 


ADRIAN M. OSTFELD! 
Department of Preventive Medicine, University of Illinois College of Medicine, Chicago, Illinois 


le HAS BEEN OUR GENERAL PURPOSE to bring together in 
this investigation, the techniques of psychology, pharma- 
cology, and clinical physiology in order to study syste- 
matically the spectrum of effects of the drugs used, and, 
at the same time, to gain more understanding of the 
relationships between the specific response made _ by 
each subject and the specific personality of that subject. 

The extraordinary complexity of the central nervous 
system effects of these hallucinogenic agents has made it 
necessary to employ a large number of diverse tech- 
niques in studying their effects. I should like to point out 
to you some of the techniques we have used and some of 
the effects we have noted. I shall not discuss the very 
large individual variability in responses to drugs, or the 
contribution of the subject to the drug-subject inter- 
action, but will confine myself to dealing with some of 
the more uniform drug effects. 

The first half of the presentation will deal with the 
effects of two hallucinogenic agents on visual function. 
This portion of the study is aimed at elucidating the 
part played by the retina and by other portions of the 
visual system in drug-induced hallucinations. Alex E. 
Krill, Public Health Service fellow in Ophthalmology, 
was associated with me in the design and execution of 
these studies. 

In the second half of the presentation, I shall deal with 
the effects of two hallucinogens on certain aspects of 
mood, perception, and attention. My associate, Richard 
R. Rosman, an experimental clinical psychologist, was 
largely responsible for designing and carrying out these 
studies. 

Careful clinicopathologic analysis has demonstrated 
that visual hallucinations in man can arise from any 
level of the visual pathways; i.e., retina to the cerebral 
cortex (31). Moreover, the site of a lesion in the visual 
pathways cannot be predicted by knowledge of the 
nature of the hallucination. Elaborate and formed 
hallucinations may be reported by patients with optic 
nerve disease, and simple unformed ones occur in pa- 
tients with visual cortical lesions. The problem of de- 

1 This work was supported by Public Health Service Grant 
MY-2302. 


fining the site of action of hallucinogenic drugs in man, 
therefore, requires a systematic assessment of drug effect 
on all accessible portions of the visual system. 

Various workers have attempted to gain insight into 
this problem by studying the effect of hallucinogenic 
drugs on different levels of the visual pathways. Purpura 
(25, 26) found that smaller doses of lysergic acid diethyl- 
amide (LSD) (less than 60 yg/kg) facilitated cortical 
responses to photic stimulation in unanesthetized para- 
lyzed cats but in larger doses depressed the cortical 
responses. He also found that the visual cortical re- 
sponses to lateral geniculate body stimulation were 
facilitated by LSD. Evarts et al. (11) studied the effects 
of LSD (1 mg/kg) on synaptic transmission in the visual 
system of the cat. They observed a pronounced decrease 
in the amplitude of the geniculate postsynaptic response 
to optic nerve stimulation; while certain synapses—those 
of the retina and those between the lateral geniculate 
radiations and visual cortex cells—proved to be ex- 
tremely resistant to any blocking effects of this drug. 
They also noted that large doses of LSD (2.5 mg/kg) 
caused a decrease in the amplitude of the optic nerve 
response to photic stimulation of the retina. 

The electroretinogram (ERG) has been studied 
primarily in animals. (2-5, 10, 17). Apter and Pfeiffer 
(3, 5) gave 0.10 mg LSD to anesthetized cats and found 
that spontaneous retinal potentials occurred about 10 
min later. At the same time spontaneous potentials from 
the optic nerve and large spikes from the visual cortex 
were recorded. If the optic nerve was sectioned while 
spontaneous potentials were recorded, the spikes in 
the occipital cortex and the potentials in the proximal 
stump of the optic nerve disappeared, whereas those in 
the distal stump of the optic nerve and retina persisted. 
Similar findings with mescaline, atropine, and strychnine 
were reported (2, 4). Evans, Jacobson and Gestring (10) 
studied the effects of LSD (50-75 mg/kg) on the ERG in 
the opossum and noted, in most instances, spike-like 
activity, which disappeared within 24 hr. Jacobson and 
Gestring (17) found that doses of LSD smaller than 25 
mg/kg had no effect on the ERG of the cat but doses 
greater than 50 mg/kg sometimes produced spontaneous 
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potentials. Only one ERG study with a human subject 
has been previously reported. This subject, studied by 
Jacobson, (17) received 50 ug of LSD, did not hallu- 
cinate, and no ERG changes were observed. 

Visual threshold studies have been reported in animals 
(6) and man (7). Blough studied the effect of LSD on the 
visual threshold of the pigeon and found a substantial 
elevation (6). Carlson (7) studied the effects of LSD 
(50-100 pg i.v.) on the absolute visual threshold in man. 
He found that threshold values for the entire adaptation 
curve were raised a small but definite amount. 

In the previously cited studies, LSD and mescaline, 
drugs with similar central and autonomic nervous system 
effects and chemical structures were the hallucinogens 
employed. In the present study, the two drugs used, LSD 
and JB 318, are somewhat similar in hallucinogenic 
properties, but differ in chemical structure, autonomic 
and somatomotor effects. LSD is an indole amine with 
adrenergic autonomic effects: JB 318, a piperidy! deriva- 
tive with anticholinergic properties. The hallucinogenic 
effects of the two drugs overlap but differ in some re- 
spects. LSD is more likely to induce brightly colored, 
vivid, but simply structured hallucinations such as mo- 
saics, rings, dots and clouds: after JB 318, images are 
more likely to be gray, white or black and include peo- 
ple, faces, landscapes, and animals. 

Retinal function was studied with the ERG and the 
dark-adaptation curve. A total of 40 experiments were 
carried out on 19 medical students. Twelve were males, 
all were between 21 and 30 years, and all were trained 
subjects, having participated in drug studies previously. 
All had normal visual function and were in good health. 
Studies were single blind. Drugs were administered by 
the oral route with subjects in the fasting state. 

Three kinds of drug experiments were carried out: 7) 
Ten subjects on 13 occasions received large hallucino- 
genic doses of LSD or JB 318; i-e., 75-100 wg LSD or 
7.5-12.5 mg JB 318. 2) To determine whether retinal 
effects of these agents were dose dependent, five sub- 
jects on five occasions received smaller nonhallucinogenic 
doses; i.e., 25 ug LSD or 2.5-5 mg JB 318. 3) Four sub- 
jects received one nonhallucinogenic analogue of LSD 
and JB 318. These analogues were 1 methyl-d-lysergic 
acid butanolamide tartrate (UML 491) and n-methyl-3- 
piperidyl diphenylacetate (JB 808). In the doses em- 
ployed herein, these analogues exhibited no hallucino- 
genic properties, but they induced autonomic effects 
qualitatively similar to the hallucinogenic agents (1, 22). 
The rationale for employing the analogues was as fol- 
lows: If retinal effects occurred with both hallucinogenic 
and nonhallucinogenic agents, they probably were not 
related to the hallucinogenic properties but to some 
other effect that each drug and its analogue have in com- 
mon. On the other hand, if only the hallucinogenic drugs 
induced retinal effects, these effects are probably in- 
timately related to the hallucinogenic properties. 

Approximately half the subjects received a drug on 
the first trial and no drug at the second trial, thus serving 
as their own controls; the other half served as controls 
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first and received drugs at a later trial. In all experi- 
ments, subjects reported to the laboratory, their pupils 
were dilated with cyclopentolate hydrochloride, and an 
initial ERG and dark adaptation curve were obtained. 
In the control trials, the studies were repeated after 1 
hr. In the drug trials, repeat studies were made after the 
subjects reported hallucinations or illusions; or, if 
these did not occur, in 1 hr. Brief interviews were carried 
out at 5-10 min intervals to determine drug effects. 

Dark adaptation measurements were made with the 
Goldmann-Weekers adaptometer. All subjects received 
one training session with this instrument several days be- 
fore the experimental trials. Each subject was placed in 
complete darkness for 3 min and then exposed to a pre- 
adapting illumination of 2,400 lux for 7 min. The stimu- 
lus was presented in the form of light flashes 1 sec in 
duration, the dark interval also being 1 sec. The subject 
serially indicated by pressing a button, the least amount 
of light he perceived, and the presses were recorded on a 
revolving drum. A constant rate of change of stimulus in- 
tensity was maintained. Both the ‘‘on”’ and “‘off’’ thresh- 
olds were noted and the approximate true absolute 
threshold was calculated as an average of these values 
according to the method of Gunkel and Bornschein 
(13). Each subject was tested at standard intervals for 
30 min. 

The dark adaptation curve has a characteristic shape 
as shown in Fig. 1. The initial steep descent and the first 
plateau are related to cone function. The plateau is 
called the cone threshold. The next descent is called the 
rod-cone break, and the final plateau is called the rod 
threshold. The evaluation of the dark-adaptation curve 
was based on measurement of 7) the times of the final 
cone threshold, rod-cone break and final rod threshold, 
2) the value in log units of illumination at the final cone 
threshold, and, 3) the value in the same units of the rod 
threshold at 8, 10, 15, 20, 25 and 30 min. Measurements 
were made without knowledge of whether the records 
were “controls” or made during drug trials. 

The ERG examination included an evaluation of 
scotopic single flash responses at four or more intensities 
and scotopic single flash responses at the lowest intensity 
with a blue filter. The subject was at rest on a bed, and 
the lamp, a Grass PS-1 photic stimulator, was centered 
24 in. above the tested eye. The active electrode, a Bur- 
ian-Allen contact lens, was placed on the cornea of the eye 
to be tested and the indifferent electrode on the bridge 
of the nose. Ground electrodes were usually placed on 
both ears. Recordings were made with the direct ink- 
writing Grass electroencephalograph.? The evaluation of 
the ERG included three measurements and the a and } 
wave amplitudes at each stimulus intensity. The @ wave 
is the name applied to the initial negative deflection of 
the ERG, the 6 wave to the subsequent and usually 


2 Dr. Krill has recently made 40 ERG recordings simultaneously 
using the EEG and an oscilloscope and camera as recorders. He 
concluded that for amplitude measurements, with which we are 
concerned here, the two recording methods are comparable. For 
time measurements the EEG is less accurate. 
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Fic. 1. Dark-adaptation curves for trials with nonhallucino- 
genic analogues and low-dosage hallucinogens. Values of each 
curve were plotted from averages of all trials. 


larger positive deflection. Discussion of the origin of 
these potentials is beyond the scope of this presentation. 

Fifteen of the sixteen subjects who received the larger 
doses of LSD or $* 318 reported the occurrence of illu- 
sions and visual hallucinations. Six subjects who re- 
ceived the lowest doses of these drugs did not report 
hallucinations or illusions. Similarly, no visual effects 
were noted after the nonhallucinogenic analogues were 
administered. 

Dark adaptation studies revealed essentially similar 
findings for control, nonhallucinogenic analogue and low 
dose hallucinogenic trials (Figs. 1 and 2). The average 
differences the threshold values of the first 
curve (first control or predrug curve) and those of the 
second curve (second control or postdrug curve) were 
always less than 0.2 log unit—most often less than 0.1 log 
unit. All values of the second curve tended to be slightly 
lower than those of the first. The time values were almost 
the same for the first and second curves, the largest 
difference being about 1 min. The dark adaptation 
curves during the period when hallucinations were re- 
ported showed a different pattern (Fig. 2). All the rod 
threshold values of this curve were noticeably higher 


between 


than the predrug curve and the rod-cone break usually 
occurred later. The average rod threshold difference 
between predrug and postdrug curves ranged from .4 
to .7 log unit and the average rod-cone break was delayed 
about 3 min in the postdrug curves. 

In the ERG measurements, the effect of the retest on a 
and 4 wave amplitudes was similar in control, nonhallu- 
cinogenic analogue and low dose trials. The a wave re- 
mained about the same or showed only a slight decrease 
in amplitude, whereas the b wave usually decreased in 
amplitude on repeat testing. On the other hand, records 
obtained while subjects were reporting hallucinations al- 
most always revealed an increase in the b wave amplitude 
and very frequently the a wave amplitude. The average 
increase in amplitude for cach subject for the 6 wave was 
from 27 to 41 wv, that for the a wave from 8 to 16 wv. The 
range of b wave changes included increases in amplitude 
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FIG. 2. Dark-adaptation curves for trials with hallucinogens 
and with no drug (control). Values of each curve were plotted 
from averages of all trials. 


of up to 100 wv. The changes in amplitude at four stimu- 
lus intensities are shown in one subject, who reported 
hallucinations after receiving 10 mg JB 318 (Fig. 3). 

Statistical analysis was made on the changes in the 
ERG and in dark adaptation. In view of our still limited 
knowledge of the normal human ERG, no assumptions 
were made about the distribution of the data and the 
direction of the results was not predicted in advance. 
Therefore, a two-tailed nonparametric test, the Wilcoxon 
matched-pairs signed-ranks test, was employed (13). 

There was no significant difference in any aspect of 
the data between the first and second control measure- 
ments, and between the predrug and postdrug measure- 
ments for the smaller doses of JB 318 and LSD and for 
the nonhallucinogenic analogues. 

The analysis for the larger doses of LSD and JB 318 
was done both for each drug separately and for the two 
drugs together. The only difference between the two 
analyses was in the significance of the a wave changes. 
Significant changes (P < .o1) included: 7) delay in the 
rod-cone break, 2) elevation of the rod thresholds at 
each time period and, 3) increase in the amplitude of the 
b waves at every intensity. The changes in the a wave 
amplitude were not uniformly significant. For the 
analysis involving both drugs together the changes in the 
b waves were significant at each intensity. The a wave 
changes were significant (P < .05) at intensities 1, 2 and 
16 and not significant at intensities 4 and 8. When the 
effects of both drugs were evaluated separately, the ¢ 
wave changes were not significant at any intensity; the 
b wave changes were uniformly significant. Since the 4 
wave is usually more resistant to circulatory or drug 
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effects, it is not surprising that the amplitude changes 
were smaller and less frequent than those of the 6 wave. 

The results of the dark adaptation and ERG studies 
demonstrate significant changes in retinal function iD 
association with hallucinations. The changes in visual 
threshold or dark adaptation were evident in the entire 
rod portion of the curve and indicated a mild impair 
ment of rod function. These changes consisted of an ele 
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ERG FINDINGS IN ONE SUBJECT 
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FIG. 3. ERG findings in one subject showing a control trial 
and a hallucinogen trial (JB 318). Note decrease in amplitudes in 
second column (control 2 record) and increase in amplitude in 
fourth column (postdrug record). 


vation of the entire rod adaptation curve and a delay 
in the rod-cone break. The absence of change in the cone 
portion of the curve indicates a lack of measurable drug 
effect on cone function. 

There is good reason to believe that the increase in the 
scotopic 6 waves induced by these drugs is related to a 
toxic or hypoxic effect. The 6 waves may increase in mild 
circulatory disturbance of the retina in man (14~16). 
Nakajima demonstrated that several compounds that in- 
hibit retinal respiration and retinal glycolysis also cause 
an initial increase in the scotopic ) wave amplitude 
(20, 21). 

In summary of this part of the presentation, we believe 
we have demonstrated the following points: 

1) LSD and JB 318 in hallucinogenic doses elevated 
the entire rod threshold and delayed the rod-cone break 
in the dark adaptation curve. They increased the ampli- 
tude of the scotopic 6 wave. These changes were exhibited 
while the subjects were reporting hallucinations. 

2) No significant changes in retinal function were 
found in six subjects who received smaller nonhallucino- 
genic doses of LSD and JB 318, in four subjects receiving 
nonhallucinogenic analogues of these agents, and in 14 
subjects participating in control trials. 

3) The changes noted were interpreted as hypoxic or 
toxic retinal effects of the hallucinogens. These findings 
indicate that the hallucinogenic affect of these psychoto- 
mimetic agents may be related to concomitant change 
in retinal function. 

Having established that retinal function is altered 
while hallucinations are being reported, we then asked: 
Are the drug-induced retinal changes causally related to 
the hallucinations? ‘The next study was devised to try to 
answer the question. While the study is not complete, the 
answer is already emerging. 

To date 17 totally blind persons have served as sub- 
jects. By totally blind, I mean without light perception or 
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measurable retinal electrical activity. Four of these sub- 
jects have been blind from birth. They constitute a special 
case, and IJ shall not discuss them here. Of the remaining 
13, 5 had had bilateral enucleations of the ocular globe. 
If, in properly controlled studies, these subjects ‘‘hal- 
lucinated” after receiving these drugs, then it is likely 
that neither the retina nor changes in its function are 
necessary for the occurrence of hallucinations. 

We were taking a chance, scientifically, in carrying out 
these experiments. Little is known in man about trans- 
synaptic degeneration of the visual system after retinal or 
optic nerve destruction. Isolated case reports support the 
notion that it does occur (8, 12, 24). Still less is known 
about the possibility of physiological atrophy of the cen- 
tral portions of unused sensory systems. These phenomena 
could have prevented our obtaining an answer to the 
question we asked. The absence of visual hallucinations 
after drugs in these subjects could mean merely that 
there were a physiologically or anatomically atrophied 
visual system incapable of responding to drugs in the 
same way as in normal subjects. A negative result would 
therefore have not been interpretable. At present, our 
results do seem capable of interpretation. 

As implied earlier, the subjects all had had relatively 
normal vision for at least the first several years of life. 
Detailed medical histories were obtained from these pa- 
tients. We intend to try to explore the relevance of num- 
ber of years of blindness, rate of progression of blindness, 
and similar variables to the nature of drug effects. De- 
tailed tape recorded interviews were made. We wanted 
to know if blind people “‘see’’ in their dreams, to know 
if they retained a visual memory of that part of their lives 
in which they could see, to learn if they could describe a 
scene to us out of visual memory if supplied with a few 
verbal cues, and whether or not they had spontaneous 
“visual” experiences resembling drug-induced ones in 
sighted persons. 

We learned that most of the subjects in the group did 
‘see’? in dreams for from 5 to 10 years after the onset of 
blindness, but that this ability slowly disappeared there- 
after. The capacity to remember things seen in earlier life 
had not disappeared in any of them. Spontaneous visual 
alterations were reported by 9 of the 13 patients. These 
consisted of light flashes; usually white, and colored or 
white spots. Only 4 of the 13 were able to describe in 
visual terms, an elaborate scene. The rest described 
standard scenes in terms of sounds, feels and smells. This 
ability to describe a scene in visual terms was limited to 
those with the most formal education and with the high- 
est degree of verbal facility and general intelligence. The 
interrelationship between these various capacities and 
the nature of drug effects are being studied. 

We were aware that our data would consist of verbal 
reports and, therefore, that the experimental design 
should be most rigorous. The study itself was “triple 
blind.’ The subjects did not know what drugs they were 
getting or the purpose of the study. As interviewer, we 
employed a medical student who was kept ignorant of the 
purpose of the study and the drugs to be used. He knew 








almost nothing of psychopharmacology. He did not even 
know if drugs or placebos or both were being used. All 
information given to patients and all requests to be made 
were typed on cards and read to them so that every sub- 
ject knew—insofar as we could determine—the same 
facts. All patient-interviewer interactions were tape 





recorded. 

In these studies only LSD, 75 ug orally administered, 
or placebo was used. JB 318 is hard to take in hallucino- 
genic doses even for normal persons, so it was omitted. 
The subjects were randomly assigned to two treatment 
groups. One was to receive placebo first and then, a day 
later, LSD. The other group received drug first and 
then placebo. 

Our results to date may be briefly summarized. Blind 
subjects reported significantly more “hallucinations” (un- 
usual visual experiences) after LSD than after placebo. 
Uncommonly they reported elaborate and formed hallu- 
cinations. The visual experiences reported by blind sub- 
jects were qualitatively similar to those reported by 
sighted persons except that complex imagery occurred 
less often than might have been expected in normals. 
The blind subjects reported appreciably more auditory, 
tactile, olfactory, and gustatory hallucinations than 
normal persons usually do. Their visual ‘“‘hallucinations”’ 
resembled the effects reported by Penfield after electrical 
stimulations of the occipital cortex (23). They consisted 
usually of spots or light flashes, often, but not always, 
colored. The complex scenes reported by our subjects 
bore no resemblance to those reported by Penfield’s sub- 
jects after temporal lobe stimulation. 

While we cannot be certain that the mechanism of 
these drug-induced effects in sighted and nonsighted 
persons is the same, we have drawn two inferences: 7) A 
functioning retina is not a sine qua non for the hallucino- 
genic effects of LSD; 2) the retinal changes induced by 
LSD are concomitant with but may, or may not, be 
casually related to the hallucinogenic effect. These con- 
clusions are further supported by the fact that nonvisual 
hallucinations did occur and, therefore, other parts of 
the nervous system must have been affected by these 
drugs. 

The second part of the discussion concerns itself with 
material more purely psychological. 

In one sense, the material I shall present is taken out 
of context. The basic purpose of the work is to test cer- 
tain hypotheses about the influence of some personality 
and perceptual variables on the effects of these drugs. I 
am presenting the work as if its purpose were to study 
the effects of these drugs on certain kinds of performance. 

The subjects in these studies were, surprisingly enough, 
neither medical students, narcotic addicts, nor mental 
patients. They were electricians, cab drivers, and hospital 
orderlies—all young men—16 in number; half Negro and 
half White, carefully screened and, insofar as we could 
determine, free of significant mental or bodily illness. 

In general, the experimental design followed these 
lines. After detailed psychological testing and evaluation, 
the men were randomly assigned to two groups. One re- 
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ceived LSD first and JB 318 a week later. In the other, 
the order was reversed. Doses were for LSD, 75 ug, and 
for JB 318, 10 mg orally administered in cherry flavored 
solutions to prevent distinguishing the two. I shall dis. 
cuss the effects of these agents on three psychological tests, 


APPARENT HORIZON TEST 


This test evaluates the subject’s ability to estimate the 
height of the objective horizon. The objective horizon 
(OH) can be defined as the horizontal plane bisecting 
both .eyes under normal forward gaze. The apparent 
horizon (AH) can be defined as that point or line in space 
which is perceived to be at eye level. The task of estimat- 
ing the AH was presented to each subject twice on each 
experimental day: once when he reported for the experi- 
ment, and once during the period of maximum drug 
effect. Each administration consisted of three trials, or 
estimates, of the AH. The score for this test is the dis- 
tance in centimeters between the AH as estimated by the 
subject and the OH as measured by the examiner; these 
errors may be in an upward (+) or a downward (—) 
direction. 

Previous investigations have determined that estimates 
of the AH show considerable variation in several natu- 
rally occurring and experimental situations. Rosenblatt 
(27) reported that estimates of the AH were significantly 
higher for manic psychiatric patients than for depressed 
patients. Estimates made by normals fell between those 
made by the two patient groups. Wapner and Werner 
(30) reported that estimates of the AH were shifted to 
levels higher than base line estimates by subjects experi- 
encing academic success, and to lower levels by subjects § ; 
experiencing failure. Krus, Wapner, and Freeman (18) 
showed that estimates of the AH were shifted to levels | 


higher than base line by subjects who had _ ingested 
iproniazid; there was a significant tendency for estimates 
to shift to levels lower than base line by subjects who had ; 
ingested reserpine. : 
These investigators accounted for these results by : 
reference to the mood of the subject at the time of testing. ‘ 
Elevated, euphoric or manic mood states were associated 
with higher estimates and depressed states with lower P 
estimates. 3 


The purpose of this aspect of the experiment was to 
explore the effects of LSD and JB 318, and most par- 
ticularly in their mood effects, upon estimation of the 
AH. These two drugs which have similar effects on many 
aspects of mental functioning have rather different effects 
upon mood: LSD frequently induces a giggly or happy 
condition; and JB 318 a tired, anxious, slightly depressed 
state. 

To test the hypothesis that there was a difference be 
tween the several treatments, a treatment X_ subject 
analysis of variance was performed on the data. This 
analysis indicated that there was no significant difference} 
between the two control administrations; that estimates 
of the AH went up significantly following ingestion 
LSD and down significantly following ingestion of B 

















i ae 








7olume 20 


e other, 
wg, and 
Javored 
all dis- 


cal tests. 


nate the 
horizon 
iseciing 
pparent 
in space 
estimat- 
on each 
- experi- 
m drug 
rials, or 
the dis- 
d by the 
er; these 


ard (—) 


stimates 
al natu- 
ysenblatt 
ificantly 
epressed 
en those 
Werner 
hifted to 
Ss experi- 
subjects 
nan (18) 
to levels 
ingested 
-stimates 
who had 


sults by 
yf testing. 
ssociated 
th lower 


it was to 
nost pat- 
yn of the 
on many 
nt effects 
or happy 
depressed 


rence be: 
subjects 
ata. This 


1ifference ¥ 


estimates 
yestion 0 


on of JB 











December 1961 


318, so that these two drugs were significantly different 
from each other, as well as from their respective controls, 
in their effect on the estimate of the AH. The average 
settings in centimeters were: LSD control —o.70, LSD 
experiment + 1.62, JB 318 control —o.62, and JB 318 
experiment — 1.62 (P < .02, two tail). A similar analysis 
was made to determine the effects of experimental order 
on the results. This analysis indicated that there was no 
significant difference between control 1 and control 2 or 
between experiment I and experiment II. 

On the basis of these data we feel that the following in- 
ference is justified: Ingestion of LSD is followed by a 
significant increase in estimate of the AH, and ingestion 
of JB 318 is followed by a significant decrease in estimate 
of the AH. 


CLYDE MOOD SCALE 


This is a 133 item adjective check list (g). All the 
adjectives are descriptive of certain moods and cluster 
into six intercorrelated factors or mood scales. The scales 
were named empirically by Clyde. Each subject com- 
pleted six mood scales, one immediately before each drug 
(I), one at the peak of drug effect (II), and one after 
drug effects were largely dissipated (III) (Table 1). 
The scores were analyzed by treatment X subjects analy- 
sis of variance. All P values specified are two tail. 

The ‘‘depressed”’ scale was raised significantly by both 
drugs and to about the same extent (P < .01). The con- 
trol scores did not differ. Both drugs raised the “‘jittery”’ 
scale significantly above its respective predrug levels 
(P < .o1). LSD had a greater effect than JB 318 (P < 
.02). Controls did not differ. Both drugs reduced the 
“energetic”’ scale scores significantly below control levels 
(P < .o1). JB 318’s effect was greater (P < .o1). There 
was no significant difference between control (predrug) 
scales. There was a nonsignificant tendency for LSD to 
raise the level of the ‘‘aggressive”’ scale. There was also a 
nonsignificant tendency for JB 318 to lower scores on 
the “aggressive” scale. Predrug scores on this scale were 
not significantly different. Both agents reduced scores on 
the “‘clearthinking”’ scale (P < .o1). 

A control group of eight subjects took six mood scales 
over the same time period and showed no significant 
changes in any of the scales on any administration. 


TABLE 1. Mood Scale Changes Associated with 




















LSD JB 318 

I Il | Tit ~| I II Ill 
Depressed 74.8 | 89.4 | 82.0 | 73.3 | 90.7 | 75.6 
Jittery 2.7 8.0 Ant | 2.1 53 3.2 
Energetic ar.8 | 18.9 | 18.4 | arg. | 18.2% | 18.8 
Friendly 58.1 | 54-7 | 53-3 | 59-2 | 48.8 | 54.1 
Clearthinking | 17.6 | 13.9 | 16.9 | 18.3 | 13.3 | 16.8 
Aggressive 15-9 18.3 15.6 | 15.7 14.3 15-3 








Data are group mean raw scores. 
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The three scales on which there was a significant differ- 
ence between LSD and JB 318 effects are 7) the “‘jittery”’ 
scale; 2) the “energetic” scale, and, 3) the “friendly” 
scale. 

These scales seem to be made up, respectively, of 7) 
items relating to a poorly controlled excited or tense state, 
2) items relating to a well controlled tension or active 
state, and, 3) items relating to investment in interper- 
sonal relationships. 

Ingestion of JB 318 seems to be followed by a reduc- 
tion of active energy and a curtailment of investment in 
interpersonal aspects of living. 

Ingestion of LSD seems to be followed by an increase 
in the amount of poorly controlled nervous tension or 
excitement. 

We might speculate, then, that increases in the es- 
timates of the AH following ingestion of LSD may be 
related in part to this heightened state of nervous ten- 
sion—not necessarily to the happy or pleasant aspects of 
a euphoric state alone. Similarly, we might suggest that 
the decrease in AH estimates noted following ingestion of 
JB 318 may be related to a general reduction in outer- 
directed energy—the individual becomes somewhat less 
interested in the environment, and has less energy avail- 
able for perceiving and coping with it. The latter pattern 
of energy change, often associated with depression as a 
clinical entity, may be as closely related to the change in 
estimate of the AH as the experienced mood quality of 
that (the depressed) state. 


STROOP TEST 


There are three parts or tasks in the Stroop test (29). 
In task 1, the subject is required to read as rapidly as 
possible 100 randomly arranged names of colors printed 
on a card. In task 2, he is required to name as rapidly as 
possible the color of 100 randomly arranged colored cir- 
cles printed on a card. Task 3 is more complex. On the 
third card, the word RED may be printed in blue ink; 
the word GREEN in yellow ink. The subject is required 
to name the color of the 100 randomly arranged colored 
inks and not to read the printed words. In effect, as Ros- 
man postulates, he is required to inhibit an habitual 
response—to read words—and facilitate a novel and con- 
flicting one—to name colors. 

The test was administered six times to each subject; 
twice during the preliminary evaluations, once immedi- 
ately before each drug administration (predrug), and 
once again during the peak effect period of each drug 
(drug). The Stroop test data were analyzed by means of 
a type 1 analysis of variance, which may be regarded as 
a series of treatment X subjects analyses performed as 
several levels of a second variable (19). 

The scores upon which this report is based are the 
times in seconds taken by the subjects to complete task 1 
and task 3. Task 1 is thought of as making the simplest 
demand upon the subject, and task 3 is thought of as 
making the most complex demand upon the subject’s 
mental apparatus. 
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The following findings relating to experimental order 
were pertinent: In task 1 the mean times of the two con- 
trol administrations tended to decrease with practice, 
but these differences were not statistically significant. 
Furthermore, the mean times of the two drug adminis- 
trations of task 1 did not differ significantly from one 
another. The mean times of the two drug administrations 
of task 1 were significantly higher than the mean times 
of the two predrug administrations (P < .04, two tail). 
In task 3 the mean times of the two control administra- 
tions tended to decrease with practice, but these differ- 
ences were not statistically significant. Furthermore, the 
mean times of the two drug administrations of task 3 
did not differ significantly from one another. The mean 
times of the two drug administrations of task 3 were sig- 
nificantly higher than the mean times of the two predrug 
administrations (P < .o1, two tail). 

The following findings relating to drugs were pertinent: 
The mean times of the pre-LSD administration of task 1 
did not differ significantly from the pre-JB 318 adminis- 
tration. Moreover, the mean times of the two drug admin- 
istrations, LSD and JB 318, did not differ significantly 
from one another. However, the mean times of the two 
drug administrations were significantly higher than the 
mean times of their associated control administrations 
(P < .04, two tail). The mean times of the pre-LSD 
administrations of task 3 did not differ significantly from 
those of the pre-JB 318 administration. Nor did the mean 
times of the two drug administrations differ significantly 
from one another. Yet, the mean times of the two drug 
administrations were significantly higher than the mean 
times of their associated control administrations (P < .o1, 
two tail). 

The means of the two tasks under control and drug 
conditions are presented in Table 2. 

On the basis of these findings the following inferences 
seem to be justified: 7) The drugs LSD and JB 318 in- 
creased the amount of time subjects took to complete 
task 1 and task 3 of the Stroop test, and the effects of 
these two drugs on these tasks did not differ significantly. 
2) The order in which the two drugs were given did not 
significantly affect their influence upon the Stroop test. 

Extensive control studies indicated that pupil dilata- 
tion of the degree produced by JB 318 or LSD had no 
effect on Stroop test performance. 

Detailed interpretation of these data must await fur- 
ther studies with the Stroop test. At the present time, we 
would tend to think about these results as follows: 

1) The drugs probably impair performance on the 
Stroop test by reducing the efficiency of mental opera- 
tions at a rather basic level, involving attentional proc- 


TABLE 2. Stroop Task Times in Seconds 
Under Certain Conditions 


Pre-LSD LSD Pre-JB 318 JB 318 
Task 1 35-81 43-50 36.00 41.81 
Task 3 87.18 106.06 86.68 103.62 
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esses, and possibly also by reducing the efficiency of the 
processes underlying motor expression. We base this 
inference upon the fact that ingestion of both drugs is 
followed by significantly increased times taken to per- 
form task 1 of the Stroop, a task that requires the subject 
only to repeat performance of an already overlearned 
repetitive task. We believe it likely that the drugs must 
effect the basic mental operations to significantly alter 
performance on this type of a task. 

2) The drugs probably also impair performance on 
the Stroop test by interfering with more complex mental 
functions, such as those underlying concentration and 
maintenance of set. We base this inference upon the ob- 
servation that ingestion of both drugs is followed by an 
increase in time to perform task 3 much greater than 
the increase associated with task 1. We postulate that 
this added time increase is related to interference by the 
drug with the mental processes required for perform- 
ance of the third task. 

3) Although these data do not bear directly on this 
point, we ought to mention the possibility that the effect 
of these drugs upon the Stroop test may be due in part 
to an effect upon the quality of the motivation of the 
subject. Either a reduction of the energy with which he 
attacks this task, or a reduction of the desire to do well 
on it, might be associated with increased time to com- 
plete the task. The examination of this possibility is re- 
quired by observations made by us and by other experi- 
menters of a lethargy and inertia—a “not feeling like 
doing anything’? state—sometimes following ingestion 
of LSD and JB 318; and of a mildly euphoric, easily 
distracted—an ‘‘aw doc, I don’t wanna’’ state—some- 
times following ingestion of LSD. 

These data suggest several lines of interesting follow-up 
investigation. We are at present engaged in some work 
which we hope will tell us something about the per- 
ceptual-mental processes underlying performance of the 
three tasks of the test. Briefly, this work involves tachisto- 
scopic exposure to subjects of the Stroop stimuli under all 
possible combinations and with several sets of direction. 
We will be interested, a) in the response times and recog- 
nition times under the various conditions, and, 6) to the 
























subject’s description of the tasks as he perceived themg « 
and his analysis of his approach to meeting their variowg 1 
requirements. I 
In summary, we believe that our results indicate ang - 
extraordinary complexity of the effects of these drugs | 
They alter the function of peripheral sensory organs ani ¢ 
affect the central sensory systems as well. They chang 3 
mood and perception. They alter operation of basic meng ° 
tal functions, such as alertness and attention and, there ¢ 
fore, impair performance on simple mental tasks. It #§ 
the hope of those of us who work in this area that preci ~ 
knowledge of the behavioral effects of these agen fe 
coupled with exact knowledge of their mechanism of at « 
It 


tion, will lead to an understanding of the functioning @ 
the normal central nervous system. 
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by Dr. Ostteld 


WILLIAM T. LHAMON 
Department of Psychiatry, Baylor University, Houston, Texas 


DD. OsTFELD’s RESULTS, in brief summary, are as fol- 
lows: 7) He has shown that hallucinatory doses (75-100 
mg LSD and 7.5~-12.5 mg JB 318) produced prolonga- 
tion of the rod-cone break in the dark adaptation curve 
of the electroretinogram. The 6 wave of the ERG was 
increased by both drugs. Both experiments were inter- 
preted as indicating hypoxic or toxic effects on the retina. 
2) He has shown that hallucinatory dose of LSD on 13 
blind persons, who had been able to see at one time, pro- 
duced more visual “hallucinatory” activity than placebo. 
3) On a test of “apparent horizon” it was found that LSD 
raised and JB 318 lowered the AH. 4) Using an adjective 
check list, it was shown that both drugs usually depressed 
mood; both produced ‘‘jitter,” with LSD more; both 
“lowered energy,” with JB 318 more; and both inter- 
fered equally with clarity of thought. 5) On the Stroop 
test of performance speed on a visual discrimination task 
itwas shown that both JB 318 and LSD slowed tasks 1 
and 3 of the Stroop test, and task 3 more. 





The dark adaptation and ERG results are interesting 
and seem carefully designed and worked out. I would ex- 
pect these data will surely soon be corroborated. Thecom- 
parison study with blind people is a relief to have. It has 
always been most difficult to believe that the complex 
percepts produced by LSD and other hallucinogens can 
result only from alterations in the retina. Complex forms, 
familiar sights, and persons, both in illusion and in 
hallucinations, clearly can issue from experience with 
these crugs; at times these experiences seem perfectly 
real to the subject. It is very hard to consider retinal 
pathology alone responsible. Dr. Ostfeld’s positive find- 
ings with blind persons indicate a central process. 

This central process of perception, of abstraction, and 
of conceptualization must, I think, be a process of com- 
parison, in which a received pattern from the sense 
apparatus is compared for sufficient congruity with a 
previously received pattern selected from memory. If 
the current and earlier patterns are sufficiently alike, a 





meaningful sensation or perception will be experienced. 
Surely, a process with memory searching, with compar- 
ing for some degree of congruity, with a specifying of the 
degree of congruity required, and with making sure of 
the incoming sensation, is a complex process and in- 
tuitively seems most unlikely to occur only at the periph- 
eral receptor. 

Tanner (6) has recently outlined a model of this sort, 
in which memory is introduced as a modifying factor in 
an otherwise purely sensory system. From the point of 
view of someone interested in psychopathology, and the 
unfortunate results of unhappy earlier experience as it 
influences present behavior, a psychophysics which in- 
cludes what the subject brings to the situation is more 
interesting than a psychophysics focused on sensory 
thresholds and metering type discrimination. In my 
opinion the former type of study, in which historical 
experience is considered, will prove more sensitive than 
the latter in detecting differences between drug action or 
illness on behavior. 

Thus, in a study of LSD on the time sense (1), a 
method of absolute judgment was used and showed an 
effect of increased variation of judgment in controlled 
studies of doses of 4, 7 and 12 wg. Furthermore, this result 
was different from results with schizophrenic patients 
(5); in terms of absolute judgments of seconds, schizo- 
phrenia is qualitatively and quantitatively different 
from LSD toxicity. Schizophrenic patients showed a 
shortened private second; with LSD subjects this result 
was not obtained. On the other hand, LSD subjects 
showed a variation of judgments greater than healthy 
controls or patients. The situation was described, ‘“‘as an 
intermittent dropping out of what a second is” but with 
no failure to sense the audible stimuli. The method of ab- 
solute judgment of time has been sensitive to a number 
of other agents or conditions. Amphetamine (2), hyper- 
thyroidism (8), and raised bodily temperature (8), 
shorten the private second (with overestimation of pre- 
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sented durations), while secobarbital and boredom (2) 
lengthened it, resulting in underestimation of presented 
durations. Whether these changes represent changes in 
the memories for a second, in the sensory detection of 
stimulus, or in comparing process, we do not know. 

A number of other factors appear to influence absojute 
judgments. Thus, the first stimulus in a sequence acts as 
an ‘“‘anchor,”’ so that the resulting judgments are pulled 
towards the ‘“‘anchor”’ (4). Acute schizophrenic patients 
(7) show a rapid decay of anchor effects and seem “‘iso- 
lated in the present,”’ insofar as their response to rela- 
tively recent remote experience goes. This sort of study 
could well be applied to drug responses and I would like 
to know whether Dr. Ostfeld has run into any such effects. 

Apparent horizon changes are interesting. I cannot 
suggest an explanation for this finding that improves on 
the one presented. 

There is much mystery surrounding the different 
modes of perception. Thus, we find more visual than 
audible “‘time”’ is required for one apparent second (3). 

Stroop results reported by Dr. Ostfeld are interesting. 
I agree that task 3 of the test is more difficult than task 1, 
because of the habit conflict forced on the subject. I also 
feel that task 1, which involves reading words, is more 
difficult than task 2, which requires only the matching of 
response to colored ink. I would like to know how LSD 
and JB 318 subjects did on task 2. 

The author has presented sensory correlates of drug 
response in terms of dark adaptation and ERG. He also 
has presented some fascinating perception experiments. 
My reaction to both is one of interest, with a_ belief 
that the perceptual studies, despite all their complexity, 
have a depth and a sensitivity lacking in purely sensory 
studies. The organism’s contribution of learned and ex- 
perienced event from memory modify sensations and the 
responses thereto, increase the sensitivity of the experi- 
ments, and challenge the ingenuity of the experimenter. 
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Hallucinogenic effects and metabolism of 


tryptamine derivatives in man 


STEPHEN SZARA 
Clinical Neuropharmacology Research Center, National Institute of Mental Health, Saint Elizabeths Hospital, Washington, D. C. 


| BECAME INTERESTED IN THE POSSIBILITY of hallucino- 
genic action of alkylated tryptamine derivatives in 1955, 
when I read about the chemical analysis of a snuff powder 
prepared by Haitian natives from Piptadenia Peregrina 
seeds which they used in religious ceremonies to produce 
mystical states of mind which enabled them to com- 
municate with their gods. The chemical analysis by Fish, 
Horning and Johnson revealed the presence of bufotenin 
and a small amount of N , N-dimethyltryptamine (DMT) 

The hallucinogenic action of bufotenin was reported 
by Fabing. It was suggested that the psychological action 
of the snuff powder (called Cohoba) was primarily due 
to its bufotenin content (6).! In 1955, there was no in- 
formation available whether DMT had similar psycho- 
tropic activity. 

A relatively simple synthesis, published by Speeter 
and Anthony, made it possible for us to synthetize DMT 
and a few higher homologues (14). After toxicity studies 
in animals, we started to study the psychotropic activity 
of DMT, first on normal volunteers, and then on pa- 
tients. The results were reported at the time (4, 9, 13, 15, 
16) and were confirmed by other independent investi- 
gators (3, 19); therefore, I will restrict myself to mention- 
ing only a few pertinent features. 

a) The first and perhaps most striking feature of the 
effect of DMT is the extremely rapid onset of the symp- 
toms (2-5 min after the intramuscular injection of 1 
mg/kg in normal volunteers) and the very short duration 
of action (40-50 min) in contrast to the 4-10 hr duration 
of similar symptoms produced by LSD,;, or mescaline. 
This clinical feature pointed to the probability of a very 
rapid metabolism of the drug and to a more direct 
action on the CNS. 

6) Another important observation was that there was 
avery striking individual variation in the reaction to the 


§ drug, both in the intensity and the symptomatology, after 


giving it to each subject in the same dose. 
The variation in the intensity seems to be very closely 


' The hallucinogenic activity of bufotenin, however, has recently 
been questioned by Turner (1g), and independently by H. Isbell 
(personal communication). 
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related to the individual variation in the metabolism of 
the drug. This will be discussed later. First, however, I 
would like to say a few words about the variation in the 
symptomatology of the drug effect in general. 

It is well known that the phenomenology of the psycho- 
tropic drug effect, and I am talking here not only about 
DMT, but DET,’ mescaline, LSD, and psilocybin as well, 
depends on many factors. 

One group of factors lies in the personality of the sub- 
ject. These personality variables were comprehensively 
reviewed recently by Lindemann and Felsinger (10). 
Different individuals, even with the same mental condi- 
tion, may react differently to any one of the drugs. These 
differences not only show themselves in the superficial 
structure of the changes produced, but reach down 
deeper into the personality and determine the levels 
which these effects may reach. 

The other group of factors which influence the picture 
are situational ones. The drug effect is different when it 
is given in a psychotherapeutic setting (1, 5), in a dark 
room with maximal sensory deprivation (12), in a pleas- 
ant living room without any special ‘‘directing’’ ac- 
tivity (8), or during a religious ceremony. 

It is interesting to note that in a psychotherapeutic 
situation, or sometimes without any structuring of the 
experiment, these drugs unlock the doors to memory, 
past experiences—and, it has even been suggested by 
Abramson (2) to the inborn images of the unconscious. 
On many occasions, the experience has been described 
to go even deeper. Defying the conventional categories of 
space and time, the subjects take long journeys into very 
vivid, hallucinatory experiences, and become aware of 
deep philosophical, transcendental, and mystical prob- 
lems with concomitant deep emotional reactions. Some- 
times it seems to me that “‘mysticomimetic” would be a 
much more appropriate designation for these compounds 
than the widely-used, but unjustified, name ‘“‘psychoso- 
mimetic.” 

But let us return to more earthy realities, to the 
problem of the relationship between the intensity of the 


2 N, N-diethyltryptamine. 
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drug reaction and the metabolism of the drug, particu- 
larly DMT, DET, and a-MT. 

In Fig. 1 it can be seen that DMT is metabolized in 
two main directions. One direction is dealkylation and 
oxidative deamination, which leads to the formation of 
indolylacetic acid (3-I[AA). The other way is 6-hydroxyla- 
tion, followed mainly by conjugation and to a slight ex- 
tent dealkylation and oxidative deamination leading to 
6-HIAA. The metabolic route for DET is essentially the 
same, leading to the excretion of 3-[AA and 6-HDET 
glucuronide as the end products of the two major path- 
ways. 

It is interesting to note that one of these enzymatic 
steps, namely, the 6-hydroxylation, increases rather than 
decreases the psychotropic activity of the parent com- 
pound. In a series of animal experiments with Dr. 
Hearst, we have shown that 6-HDET has a significantly 
lower behavioral threshold in rats, pigeons, and monkeys 
in a variety of experimental situations using operant 
conditioning techniques (18). Since this is a unique fea- 
ture among the various known hallucinogenic drugs, and 
since it has very interesting implications due to the close 
similarity in chemical structure to normally occurring 
compounds like tryptamine and serotonin, we paid 
extra attention to the enzymatic process of 6-hydroxyla- 
tion. The results of these enzymatic studies were pre- 
sented in a separate paper at an intersociety neuro- 
pharmacology session of this meeting (17). 

In animal experiments we learned that the individual 
variation in threshold doses of DET is very closely related 
to the individual variation in the 6-hydroxylation of the 
drug (18). We suspected that the same metabolic factor, 
the rate of 6-hydroxylation, is responsible, too, for the 
individual differences in the intensity of the psycho- 
logical reactions to DET in man. Therefore, we investi- 
gated the correlations between the intensity of the psy- 
chological reaction to this drug and the metabolism, 
especially 6-hydroxylation. 
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FIG. 1. Metabolic pathways of N,N-dimethyltryptamine in 
mammals. 
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FIG. 2. Metabolic pathways of a-methyltryptamine in rats. 


The DET was administered in the same dose (1 mg/ 
kg) to ten normal volunteers, scoring the subjective and 
objective symptoms, and, at the same time, collecting the 
urine for quantitative determination of the excreted 
6-HDET as a measure of the 6-hydroxylating ability of 
the individual organism. 

The results, which are to be presented at the Third 
World Congress of Psychiatry in Montreal, confirmed 
our hypothesis derived from the animal studies, namely 
that subjects excreting more 6-HDET in the urine 
showed much more intense reaction to the drug than 
those excreting less 6-HDET. This result points again to 
the importance of 6-hydroxylation in producing the psy- 
chological effects of a hallucinogenic drug in man and in- 
vites speculation on whether or not the same reaction 
plays a role in producing psychotic 6-hydroxy deriva- 
occurring indole derivatives, like 


tives from normally 
tryptamine. 

One would be tempted to assume that under specific 
circumstances, as in those experimental situations which 
are described in this symposium by Dr. Kety, or in the 
experiments of Drs. Brune and Pscheidt, when an ing ¥ 
crease in the concentration of tissue tryptamine occung 4 
there is a chance that a portion of tryptamine could kg 
hydroxylated to form 6-hydroxy-tryptamine (6-HT). Bu 




























6-HT, having a lipid solubility similar to 5-H1§ al 
probably does not cross the blood-brain barrier readily§ p 
and one would not expect that 6-HT could produc w 
CNS symptoms. 

The situation, however, is not quite so unpromisingg N 
There is another compound which might give us som™ D 
information in this matter. Another simple tryptamin§ th 
derivative, a-methyltryptamine (a-MT), produces LSD§ gr 
like symptoms which develop more slowly and la m 
longer than the symptoms of DMT or DET intoxicatioi cu 
and are slightly different as well (11). We found tha ac 
a-MT is metabouized according to the following schem@ co 
(Fig. 2) ap 

As will be seen, a-MT can be hydroxylated to fom 
6-HO-a-MT, then deaminated to 6-hydroxy-indoly! 
acetone, or deamination occurs first, followed by 6-hig ,, 
droxylation, to form the same compound. We found thi 2. 





Volume 20 


glucuronide 
conjugate 


glucuronide 
conjugate 


in rats. 


e (1 mg/ 
ctive and 
cting the 
excreted 
ability of 


he Third 
onfirmed 
, namely 
he urine 
rug. than 
; again to 
x the psy 
in and in- 
> reaction 
y deriva- 
tives, like 


3 


*r specific 
ons which 
or in the 
en an in 
1e OCccun, 
could be 
-HT). Bur 
o 5-HI, 


r readily, 





| produc: 


yromising! 
e us som 
ry ptamin 
uces LSD: 

and la 
toxicatiol 
ound. thal 
ng schemy 


d to for 
cy-indoly: 
1 by 6-hi 
found thé 


December 1961 


EFFECTS OF HALLUCINOGENIC DRUGS IN MAN 


887 





Tm YS PP 





TAMINE 








- 
- 
- 
- 
- 
- 
= 
- 
a 
- 
-~ 
a 


N-methyl tryptamine N-Acetyltryptamine 6-hydroxytryptamine Indoleacetaldehyde ————» 3-TAA 
er 7 : 
t Ad *e, ° 
t a "ey ® 
i] ral hk a 
‘Si 
\.N-dimethyltryptamine 6-Hydroxy-N-acetyltfyptamine 6-hydroxy-indole acetaldehyde 


6-hydroxy N.N-dimethyltryptamine 


Glucuronide conjugate 


FIG. 3. Possible alternate pathways for tryptamine in mammals. 
Solid arrows represent paths demenstrated both in vitro and in 


both pathways occur in the rat in vivo, and the hydroxy 
derivatives are excreted as glucuronides. In man, we 
found paper chromatographic evidence in the urine of 
§-hydroxylation of a-MT. Since indolylacetone is found 
to be ineffective in producing behavioral changes in 
animals, we may hypothesize that 6-H-a-MT plays a 
role in affecting the behavior of animals and producing 
CNS effects in man. How is this accomplished by a com- 
pound which has lipid solubility similar to 5-HT, and 
therefore, little chance of getting into the brain? We don’t 
know. The permeability of the blood-brain barrier is not 
uniform through the brain. Perhaps the metabolite 
affects only those portions which can be easily pene- 
trated; the hypothalamus, and pineal gland area, etc. 

Returning to our original problem, tryptamine might 
also be transformed into other more lipid soluble com- 
pounds, which would be more easily 6-hydroxylated and 
would penetrate the blood-brain barrier. 

Three possibilities come readily to mind. One is 
N-methylation to form N-methyl tryptamine, or even 
DMT. This possibility seems feasible when we consider 
the interesting results obtained by Dr. Kety and his 
group in methionine and tryptophane loading experi- 
ments, and Dr. Axelrod’s recent findings about the oc- 
currence of an enzyme in mammalian organisms which 
actually can perform this reaction (J. Axelrod, personal 
communication). It seems that the whole enzymatic 
apparatus exists in mammals which can produce trypta- 


Glucuronide conjugate 


vivo. Broken arrows represent paths shown in vitro only. Dotted 
arrows represent hypothetical pathways. 


mine from tryptophane, DMT from tryptamine, and 
6-HDMT from DMT. 

The second possibility for transforming tryptamine 
into a more lipid soluble compound before 6-hydroxyla- 
tion is acetylation to form acetyl tryptamine (H. Weiss- 
bach, and J. Axelrod, personal communication). For 
the occurrence of this pathway we have preliminary evi- 
dence in animals. If we inject tryptamine intraperi- 
toneally into rats or rabbits pretreated with Marsilid, we 
find 6-HT, 6-HO-acetyltryptamine and their glucuronide 
in the urine. 

The third possibility emerges from studies reported by 
A. J. Friedhoff and M. Goldstein at the Conference on 
Some Biological Aspects of Schizophrenic Behavior in 
New York on April 6, 1961 (organized by the New York 
Academy of Sciences, and to be published in the Annals 
of The New York Academy of Sciences). They presented 
evidence that the intermediate aldehyde formed from 
mescaline by deamination is a strong candidate for an 
active metabolite in mescaline action. This finding sug- 
gests that we might consider the aldehyde’s intermedi- 
ates in other amines, like tryptamine or 6-HT as psycho- 
tropically active metabolites. 

Whether these reactions are involved in Dr. Kety’s 
findings with tryptophane and methionine loading ex- 
periments, and in the very interesting observations of 
Drs. Brune and Pscheidt in their reserpine and _iso- 
carboxazide combination, which is reported here today, 
remains to be explored. 
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Correlations between behavior and urinary excretion 
of indole amines and catecholamines in schizo- 


phrenic patients as affected by drugs 


GUENTER G. BRUNE AND GORDON R. PSCHEIDT 
Thudichum Psychiatric Research Laboratory, Galesburg State Research Hospital, Galesburg, Illinois 


Bice THE INTRODUCTION OF PSYCHOTROPIC drugs, such 
as tranquilizers and antidepressants, life has improved 
for psychotic patients in our mental hospitals. At the 
same time, psychotropic drugs are excellent tools in 
research for obtaining new information on brain func- 
tion and, perhaps, on underlying chemical factors asso- 
ciated with mental disease. Today, it is well established 
that some of the most important psychotropic agents 
exert effects on indole metabolism. 

Reserpine, an alkaloid of Rauwolfia serpentina, re- 
leases bound serotonin (3, 21, 22). Because only those 
Rauwolfia alkaloids which are able to release serotonin 
in the brain exhibit psychotropic properties, it was con- 
cluded that there may be a relationship between the 
pharmacological action of the drug and _ serotonin 
metabolism (5). Recent investigations indicate that the 
phenothiazines, such as the tranquilizer chlorpromazine 
(2, 9) and the antidepressant drug imipramine (8, 18), 
may affect serotonin metabolism. Monoamine oxidase 
inhibitors are used as antidepressants in the treatment of 
melancholia and depressed psychotic patients. These 
drugs interfere with indole metabolism by blocking the 
conversion of the amines to their respective acids, and, 
thus, elevating the amine level in the brain (28). Such 
drug-induced metabolic changes apply not only to in- 
doles, but also to catecholamines (4, 7, 15). Thus, both 
types of amines must be taken into consideration in inter- 
preting the psychopharmacological effects. 

Further evidence that the action of psychoactive sub- 
stances may be connected with indole and catecholamine 
metabolism stems from studies with hallucinogens which 
produce psychosis-like states in man. Such a drug, chemi- 
cally related to the catechols, is mescaline. LSD 25 is an 
indole derivative and one of the best-studied hallucino- 
gens. Recently it has been shown that psilocybin, bufo- 
tenin, and N,N-diethyl-6-hydroxytryptamine (11, 14, 
26) are potent hallucinogens. Chemically these com- 
pounds are characterized by the substitution of the 
amino hydrogens with either two methyl or two ethyl 


radicals and by hydroxylation of the indole nucleus in 
either the 4, 5, or 6 position. These psychotomimetic 
agents are discussed in more detail by Dr. Ostfeld and 
Dr. Szara. 

The behavioral alterations produced by all these drugs 
beth in animals and man stimulated a reinvestigation of 
indole metabolism in mental patients. In the past few 
years defects in indole metabolism were discovered in 
phenylketonuria (1) and Hartnup disease (16). Studies 
on schizophrenic patients did not yield conclusive evi- 
dence of an altered indole metabolism, either from 
quantitative or qualitative aspects, although results were 
reported suggesting a metabolic aberration (12, 17, 19, 
20, 23, 24). Most-of the results, however, are based on 
qualitative or semiquantitative tests, thus interpretation 
becomes difficult. Determination of urinary 5-hydroxy- 
indoleacetic acid in schizophrenic patients did not reveal 
significant changes in comparison with normal subjects 
beyond a day to day variability (12, 13). 

While investigating the effects of therapeutic doses of 
reserpine on the urinary excretion of tryptamine in 
schizophrenic patients, we observed abnormally high 


- levels of that indole amine during a flare-up of the psy- 


chosis. This observation prompted a study on a greater 
number of schizophrenic patients. 


METHODS 


Among the requirements in the selection of the pa- 
tients were good physical health and absence of feeding 
problems. 

In longitudinal studies, the daily urinary excretion of 
the indole derivatives: tryptamine (25), total 3-indole- 
acetic acid (29), and 5-hydroxyindoleacetic acid (27), as 
well as of the catecholamines noradrenaline and adrena- 
line (10), were determined by quantitative chemical 


assay. 
We attempted to determine whether or not there was 
a correlation between the biochemical findings and the 
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TABLE 1. Scale of Psychotic Activity 


Degrees of Psychosis Symptoms 


A. Apparently | Good hospital adjustment. Psychomotor ac- 


inactive tivity adequate. Thinking coherent. No 
apparent delusions or hallucinations. Flat 

affect. 
B. Slightly Fair hospital adjustment. Psychomotor ac- 
active tivity increased or decreased. Thinking 


usually coherent. No apparent delusions 
or hallucinations. Flat affect. 


Only fair or impaired hospital adjustment. 
Psychomotor activity abnormally increased 


C. Moderately 


active 
or decreased. Thinking incoherent. Hallu- 
cinations and/or delusions present. Flat 
affect. 
D. Active Impaired hospital adjustment. Psychomotor 


activity abnormally increased or decreased. 
Thinking incoherent. Hallucinations and/ 
or delusions more pronounced than in C. 
Flat affect. 


Symptoms as under D to an exaggerated de- 
gree. Study could not be extended over 5 
days because patients had to be given high 
doses of tranquilizers. 


E. Markedly 


active 


clinical observations. Based on daily psychiatric inter- 
views and observations of the behavior of the patients on 
the ward throughout the day, the psychctic activity was 
scored in five different degrees, with particular respect to 
the categories: hospital adjustment, affect, psychomo- 
tor activity, thinking, and _ hallucinations 
(Table 1). 

The patients were studied during placebo adminis- 
tration and while under treatment with therapeutic 
doses of psychotropic drugs in order to ascertain whether 
or not drug-induced alterations of psychotic activity 
were accompanied by characteristic excretion patterns 
of the tested indoles and catechols similar to those seen 
during the spontaneously occurring variations in the clini- 
cal symptomatology. We chose reserpine,! which does not 
interfere with the chemical assay, and, as known from 
clinical experience, can exert biphasic actions on the be- 
havior of the patients. Especially in the initial period of 
administration, reserpine can induce a flare-up of the 
psychosis before its therapeutic effects are established. 
Biphasic effects on behavior can also be evoked by 
monoamine oxidase inhibitors. The monoamine oxidase 
inhibitor isocarboxazid* was administered separately and 
together with reserpine. The results obtained during that 
drug period, however, will not be considered here in con- 
nection with indole metabolism because during this 
time urinary tryptamine was elevated and that of 


delusions, 


' Reserpine (Serpasil, Ciba), 4 mg/day, orally, dissclved in 
water. 

? Isocarboxazid (Marplan, Hoffmann-LaRoche), 30 mg/day 
dissolved in water. 
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5-hydroxyindoleacetic acid was reduced in consequence 
of monoamine oxidase inhibition. Thus, this report in- 
cludes four medication periods. Two of these (placebo 
1 and reserpine 1) took place before, and the other two 
(reserpine 2 and placebo 2), after the combination iso- 
carboxazid-reserpine had been administered. 

Before the study and throughout its entire duration, 
the patients received a constant protein diet of 100 g 
protein per day, the actual intake being recorded daily. 
The 5-day averages of urinary indoles were calculated on 
a basis of 100 g protein per day. The results will be pre- 
sented in the following sequence; including the correla- 
tion between behavior with the metabolism of: 1) 
tryptamine, 2) serotonin, and 3) catechols. 


RESULTS 


1) Tryptamine metabolism. This part of the investigation 
was performed on 20 male schizophrenic patients, who 
were observed for an average of 42 days, including the 
four above-mentioned medication periods. All patients 
were studied during placebo 1; 17 patients during re- 
serpine 1; 7 during reserpine 2; and 13 during placebo 
2. A total of 835 24-hr urine specimens were analyzed. 
The range of normal for tryptamine was reported by 
Sjoerdsma, Oates, Zaltman, and Udenfriend to be be- 
tween 36 and 120 wg/day (25). Weissbach and colleagues 
found for total 3-indoleacetic acid a normal range be- 
tween 5.2 and 13.8 mg/day (29). A summary of all our 
data shows that the average tryptamine excretion was 
within normal limits (118 wg/day), while that of total 
3-indoleacetic acid was elevated (18.1 mg/day). The 
average excretion of both indole derivatives during re- 
serpine 1 and reserpine 2 did not differ significantly from 
that of placebo 1 (P > 0.05). Tryptanine excretion was 
significantly higher during placebo 2 than during 
placebo 1 (P < 0.05; P > 0.01). There was_ no sig- 
nificant increase for total 3-indoleacetic acid during the 
second placebo period, if compared with the first placebo 
period (P > 0.05). A wide range of variation was found 
in each group. 

If urinary excretions of tryptamine and total 3-indole- 
acetic acid are correlated to the degree of psychotic ac- 
tivity (Table 2), it becomes apparent that the increases in 
the activity of the psychosis are paralleled by rises in the 
daily urinary excretion of tryptamine and its metabolic 
product 3-indoleacetic acid. At the 1 % level, urinary ex- 
cretion of tryptamine is significantly higher during the 
various degrees of increasing psychotic activity, B, C, D, 
and E, than when the psychosis was apparently inactive. 
The excretion of total 3-indoleacetic acid departs signifi- 
cantly from A during C, D, and E (P < 0.01), but the 
rise in B is not significant (P > 0.05). 

As shown by the range of variations, there are indi- 
vidual differences. The lowest values for tryptamine 
during C, D, and E were excreted by the same patient 
whose urine volume was also very small. But this same 
patient eliminated large amounts of 5-hydroxyindole- 
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acetic acid. The values for group E may not be quite 
reliable, because of the small number of patients and 
days of investigation. 

2) Serotonin metabolism. 5-Hydroxyindoleacetic acid ex- 
cretion was studied on 17 male schizophrenic patients 
during placebo and reserpine periods. A summary of the 
results disclosed patterns similar to those reported for 
tryptamine and total 3-indoleacetic acid. A total of 685 
24-hr urine specimens were analyzed, the average daily 
excretion was near the upper normal borderline, 7.0 
mg/day (13). Again, reserpine had no effect on the 
urinary excretion of the serotonin metabolite when all 
data were considered (placebo 1 compared to reserpine 
I, reserpine 2, placebo 2; P > 0.05). If, however, the 
degree of psychotic activity is included as shown in 
Table 3, increases of psychotic activity are paralleled by 
rises in the urinary excretion of the serotonin metabolite. 
The rise into abnormal range, however, is not as pro- 
nounced as was observed for tryptamine and _ total 


TABLE 2. Urinary Tryptamine and Total Indole-3-acetic 
Acid as Related to the Degree of Psychotic Activity 


| | Mg Total Indole-3- 


| #g Tryptamine/day acetic Acid/day 


Degree of Psychotic | Days (No. | 





Activity or Tate) eal 
| Average Range | Average Range 

————} ——_|—— 2 eee ee 
A. Apparently 410 | 91.6 | 137 16.3 33.5 
inactive (7) 39 | 6.9 
B. Slightly 270 124.9* 167 17.3 45-2 
active (12) 58 6.3 
C. Moderately 105 151.2* 282 21.2* | 49-0 
active (7) 66 12.1 
D. Active 40 202 .8* 292 28.8* | 49.4 
(6) | 153 14.5 
E. Markedly 10 382 .5* 585 49.1* | §4.0 

active (2) | 180 


| | ashes 





Ranges are represented by the highest and lowest 5 day aver- 
ages observed in the single groups. * Probability of differ- 
ence from degree A, P < 0.01. 


TABLE 3. Urinary 5-Hydroxyindoleacetic Acid as Related 
to Degree of Psychotic Acitvity 


Degree of Psychotic No. of mg 5HIAA/ Range in 
Activity Patients Days day mg 5HIAA 
A. Not apparently 14 285 5-9 9-3 
active 4.1 
B. Slightly 10 245 6.2 10.0 
active 3.3 
C. Moderately 6 105 9.8* 14.1 
active 6.0 
D. Active 6 40 8.8* 15.3 
3-9 
E. Markedly 2 10 17.8* 17.9 
active 17.6 


Ranges are represented by the lowest and highest 5 day 
averages observed in the single groups. * Probability of 
difference from degree A, P < 0.01. 
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TABLE 4. Total Catechols as Related to Degree of 


Placebo 1 Placebo 2 
Patient pie tae Lions we en eos rf. 
Grade of |a..4, ug Total | Grade of . ug Total 
Psychotic grees = Catechols/| Psychotic Fn ag Catechols/ 
Activity | * ely | day Avg. Activity | “™*'€tY | day Avg. 
BM A 3 74 A 2 45 
AS A I 34 A I 24 
FA B 2 56 D 3 70 
a C 2 15 D 3 70 


3-indoleacetic acid, except in degree E. Again wide 
ranges of variation were found. The lowest values during 
B, C, D were excreted by a patient who, at the same 
time, eliminated abnormally high amounts of trypta- 
mine and total indole-3-acetic acid. 

3) Catechol metabolism. Urinary catecholamine deter- 
mination was carried out in 12 schizophrenic patients. 
In some cases, daily samples were analyzed while in 
others pooled 5-day samples were used. In all, a total of 
578 separate determinations were performed. These in- 
clude the drug periods in which isocarboxazid was ad- 
ministered. During placebo periods a wide range of 
values were obtained. Most of the values were within 
the normal limits of von Euler and Floding (10). In this 
group of patients, we did not observe an activation of the 
psychosis while the patients were under drug treatment, 
whether on reserpine or reserpine-isocarboxazid medica- 
tion. In all patients except three, whose psychosis was 
activated during placebo 2, we observed a more or less 
pronounced improvement of the clinical -ymptoms, in- 
cluding reduction of anxiety which was retained during 
placebo 2. In those patients who retained clinical im- 
provement, the urinary excretion of catechols remained 
low. An increase in the total catecholamine excretion 
occurred in those patients whose psychosis became ac- 
tivated and at the same time showed symptoms of in- 
creased anxiety. 

Table 4 represents the average urinary excretion of 
total catechols during placebo 1 and placebo 2 in four 
representative patients. The biochemical results are com- 
pared with the degree of psychotic activity and grade of 
anxiety, the latter being scored from 1 to 3, with par- 
ticular respect to the categories vasomotor hyperactivity, 
functional motor disturbances, reflex activity, and hyper- 
sensitivity; 1 standing for no apparent or only little 
anxiety, and 3 for marked anxiety; while 2 represents the 
intermediate state. During placebo 1, anxiety was most 
pronounced in patient BM. His psychosis was not appar- 
ently active, and total catecholamines were highest in 
that patient. Psychotic activity was greater in patients FA 
and GF; but the degree of anxiety was lower and the 
catecholamine level lower. During placebo 2, anxiety 
was less marked in patient BM than during placebo 1. This 
is reflected in a lower excretion level of catechols. In the 
two patients (FA and GF) who suffered an activation of 





their psychosis with an accompanying increase in 
anxiety, the total catechols rose to the higher values seen 
in BM during placebo 1. 


DISCUSSION 


In this study, 835 24-hr urine specimens from 20 male 
schizophrenic patients were analyzed for tryptamine 
and total 3-indoleacetic acid. In addition 5-hydroxy- 
indoleacetic acid was determined in 685 24-hr urine 
specimens from 17 schizophrenic patients. A summary of 
these data shows that the average daily excretion of 
tryptamine and 5-hydroxyindoleacetic acid was in the 
range of normal. The average urinary output of total 
3-indoleacetic acid was slightly elevated, if compared 
with the results reported for normal subjects (29). All 
three indole derivatives display a wide range of varia- 
tions, the lowest values being within normal limits, the 
highest, however, exceeding by far the upper normal 
borderline. When the biochemical results are compared 
with the clinical findings, it becomes apparent that all 
indole derivatives attain increasingly high abnormal 
excretion levels with augmentation of the psychosis. This 
rise was least pronounced for 5-hydroxyindoleacetic acid. 

There are, however, individual differences in the ex- 
cretion patterns of the indole compounds. During in- 
creased psychotic activity in some patients, the rise in 
5-hydroxyindoleacetic acid was more marked than that 
of tryptamine and total 3-indoleacetic acid. This suggests 
that different pathway: of indole metabolism may be 
affected to a differing degree in individual patients. The 
described alterations of indole metabolism during states 
of increased psychotic activity were observed, whether 
the psychosis was associated with either elevated or re- 
duced motor activity. For this reason, the observed in- 
creases in the excretion of these indole derivatives could 
not be related to the state of motor activity. No correla- 
tion could be established between anxiety and urinary 
excretion of indoles. Those patients who displayed symp- 
toms of marked anxiety, without apparent signs of psy- 
chotic activity, disclosed a much lower output of tryp- 
tamine and its metabolite than those whose anxiety was 
less marked but whose psychosis was more active. 

In some patients, who suffered a sudden flare-up of the 
psychosis, we observed that the increase in urinary 
indoles occurred before the clinical symptoms became 
overt (6). This suggests that the described alterations in 
indole metabolism are not a secondary function of the 
psychosis. If activation of the psychosis was accompanied 
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by marked anxiety, there was also an increase in urinary 
total catechols. This rise, however, in contrast to indoles, 
occurred simultaneously with the appearance of the 
clinical symptoms. Our results thus indicate that there 
is a correlation between the excretion of tryptamine, 
total 3-indoleacetic acid, and 5-hydroxyindoleacetic 
acid with psychotic activity, while urinary levels of cate- 
chols rather reflect different grades of anxiety. 

Reserpine evoked in some of our patients a more or less 
short-living activation of the psychosis. In some patients 
it achieved, besides its tranquilizing effect, a reduction 
of the psychotic activity, in still other cases little effect on 
behavior was observed. A reserpine-induced flare-up of 
the psychosis was generally accompanied by a higher ex- 
cretion level of the three tested indole compounds than 
was found before, when the mental state of the patients 
was in better condition. A reduction of psychotic activity 
under reserpine treatment on the other hand was accom- 
panied by a decrease in urinary indoles. We observed 
that biochemical findings were similar in pattern, 
whether activation or reduction of psychotic activity 
occurred spontaneously or under reserpine medication. 
In this study, the incidence of the different degrees of 
psychotic activity during placebo 1 was about the same 
magnitude as that found during reserpine-administra- 
tion. 

At the same time no significant differences were found 
when the summaries of the biochemical data of the 2 
reserpine periods were compared to placebo 1. During 
placebo 2, the incidence of increased psychotic activity 
was somewhat higher than during placebo 1. This was 
reflected by a higher tryptamine excretion during the sec- 
ond placebo period (P < 0.05; P > 0.01). Urinary total 
3-indoleacetic acid and 5-hydroxyindoleacetic acid 
which, on the whole, were found to be less sensitive indi- 
cators of the different degrees of psychotic activity than 
tryptamine, were also higher during placebo 2 than dur- 
ing placebo 1. Their increase, however, was not signifi- 
cant (P > 0.05). 

The observation that in most of our patients indole 
derivatives were excreted in larger amounts during 
periods of worsened behavior than when the psychosis 
was less active suggests an increased turnover of indole 
compounds during periods of increased psychotic activity. 
This relationship points to the possibility that the in- 
creased metabolism of all, or some, indoles may present 
an opportunity for psychotomimetic indole derivatives 
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in schizophrenic patients 


SEYMOUR S. KETY! 
Department of Psychiatry, Johns Hopkins University School of Medicine, Baltimore, Maryland 


i= PRESENCE IN THE BRAIN of a number of amines, 
pharmacologically active elsewhere, in a differential dis- 
tribution which suggests a relationship to specialized 
function, has evoked considerable interest and research. 
A number of correlations between the concentrations of 
some of these and behavior, and the ability of many psy- 
chotropic drugs to affect these concentrations, appear to 
be the results of more than chance and have formed the 
basis of a number of attractive hypotheses which relate 
one or another of these amines to normal and abnormal 
behavior. 

The techniques available for acquiring useful informa- 
tion and testing hypotheses in this field have sufficient 
difficulties and limitations that crucial evidence for any 
of the hypotheses is not yet at hand (3). The concentra- 
tions of various amines which have been measured in the 
brain as a whole, or even in its parts, may not necessarily 
be indicative of the effective concentration of the ma- 
terial in an active state at its site of action, while the sub- 
stances which have been studied may not be as potent in 
behavior as congeners, precursors, or derivatives as yet 
undiscovered or inadequately investigated. On the other 
hand, the behavioral observations which have been made 
in animals have not often been comparable to the bio- 
chemical ones in specificity, precision, or relevance to 
the clinical problems which have prompted them or 
which serve as the basis of their interpretation. 

Hypotheses relating schizophrenia to alterations in cen- 
tral amine concentration require testing and confirma- 
tion in the naturally occurring forms of that disorder, 
and, in the absence of suitable animal analogues, in 
human beings suffering from schizophrenia. Here, direct 
analysis of the brain, inconclusive as it may be, is hardly 
possible; while changes in blood or urine need not at 
all reflect the chemical processes occurring within the 
brain. Instead, the administration of precursors of 
active amines, whose occurrence in the brain is known or 
suspected may, especially if coupled with the administra- 
tion of a monoamine oxidase inhibitor, so alter the effec- 
tive concentrations of particular amines at their sites of 
action as to produce detectable changes in mental or be- 

1 Present address: Laboratory of Clinical Science, National In- 
stitute of Mental Health, Bethesda, Md. 


Possible relation of central amines to behavior 


havioral state, or an amelioration or aggravation of 
specific symptoms of schizophrenia, if there is any rela- 
tionship between them. In studies in lower animals such 
procedures have provided useful insights (1, 2, 10) but 
their usefulness is considerably extended when applied 
to normal human subjects or schizophrenic patients. 

The much wider range of psychometric and perform- 
ance evaluation possible in man, his ability to report sub- 
jective changes, or the ability of skilled observers, well 
acquainted with the particular symptoms and the extent 
of their spontaneous variation, to detect significant 
change in schizophrenic patients, make such an approach 
especially appropriate for eliciting possible relationships 
between a wide variety of metabolic intermediates and 
normal or schizophrenic mental processes. It should be 
noted, however, that such procedures are more useful 
for developing hypotheses rather than for their valida- 
tion. One cannot be certain that increased availability of 
a precursor necessarily results in an increase of effective 
concentration of its metabolic derivatives, so that failure 
to obtain mental or behavioral change with a particular 
amino acid cannot be used as evidence against the be- 
havioral relevance of its products. On the other hand, 
the appearance of mental changes following the admin- 
istration of a particular precursor is not attributable toa 
specific metabolic effect until a large number of alterna- 
tive possibilities have been excluded. 















The studies to be discussed have been carried out by 
Pollin, Cardon and myself, among others, in the Labora- 
tory of Clinical Science at the National Institute of 
Mental Health. A preliminary report of the clinical re- 
sults has appeared previously (7), and I have been asked 
to describe and comment upon them. 

Iproniazid was selected as the potentiating monoamine 
oxidase inhibitor and was given in chronic dosage of 50 
mg daily, and later 150 mg daily per 70 kg of body 
weight, to nine chronic schizophrenic patients. Three 
additional patients received a placebo instead of iproni- 
azid. After at least 2 weeks of iproniazid administration at 
each level, a series of amino acids were administered 
orally, in substantial dosage and for 1 week each. Obser- 
vations of effects on behavior and on the idiosyncratic 
symptoms of schizophrenia in each case were made by 
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psychiatrists and nursing staff in a single- and double- 
blind design. Five amino acids (glycine, /-histidine, 
l-glutamine, /-phenylalanine, and /-tyrosine) produced 
no significant mental or behavioral change when admin- 
istered in dosage of at least 20 g daily for a week, even 
when given in conjunction with a daily maintenance 
dosage of 50 mg of iproniazid. In two groups of four pa- 
tients each, d,/,5-hydroxytryptophan or /-dihydroxy- 
phenylalanine (DOPA) were given intravenously in daily 
dosage, beginning with 6 mg and increasing stepwise to 
as much as 108 mg in a single, rapid administration. 

Three patients in each group were maintained on 150 
mg of iproniazid daily. No immediate or delayed mental 
or behavioral change was noted up to or including the 
time when it was necessary to discontinue the intravenous 
administration because of the development of certain un- 
toward somatic symptoms: gastrointestinal distress in the 
case of the 5-hydroxytryptophan, and transitory hyper- 
tension and cardiac arrhythmias in the case of DOPA. 
Pare and Sandler (6) reported similar lack of mental 
effects with somewhat lower dosages of these substances 
in patients with depression. 

Two of the amino acids were associated in some pa- 
tients with significant and reliable mental and behavioral 
changes. At 15 g orally per day in divided doses for a 
week, /-tryptophan produced effects in most patients on 
iproniazid not unlike those reported previously by Lauer 
and associates (4) in chronic schizophrenics, and by 
Oates and Sjoerdsma (5) in nonpsychotic patients. 
These effects are best described as sedation, followed by 
a feeling of drunkenness; euphoria, loss of inhibition, and 
freeing of associations. There appeared to be a transitory 
depression in some of the patients when the tryptophan 
was withdrawn. These effects appeared to be dependent 
upon the level of iproniazid employed; they were barely 
perceptible at 50 mg daily, and became more clear cut 
when the daily dose was 150 mg. 

The only other amino acid which produced a con- 
sistent mental or behavioral effect was /-methionine at 
20 g daily in divided doses. In 4 of 12 patients, this 
dosage was associated with an exacerbation of specific 
symptoms and a general activation, increasing anxiety 
approaching panic, an increasing flood of associations, 
and in one chronically mute patient, extreme garrulous- 
ness. These effects were not clearly related to iproniazid 
dosage; in fact, they seemed more severe on the initial 
trial, when the maintenance dosage of that drug was 50 
mg daily, than on subsequent trials at 150 mg. These 
changes, although they varied from patient to patient, 
appeared to be fairly consistent in each and in most pa- 
tients the characteristic response was reproducible al- 
though with somewhat diminished intensity on one or 
two subsequent administrations of methionine. 

The results with /-tryptophan, especially their depend- 
ence upon the iproniazid level, suggest that an amine 
derivative of that amino acid may have psychotropic 
properties. Since the effects observed in the schizo- 
Phrenic patients, however, were quite comparable to 
those which had been observed in normal volunteers, no 
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special relevance to the etiology or pathogenesis of schizo- 
phrenia appears to be suggested. 

In the latter connection, the effects of /-methionine 
appear to be more interesting. The property of methio- 
nine which prompted its use in these studies was, of 
course, its role in biological transmethylation, and the 
hypothesis that increased availability of methionine in 
the body could force the production of some methylated 
compounds which might alter behavioral state. In this 
connection, it is interesting to note that Axelrod has 
recently demonstrated the ability of certain tissues in 
vitro to produce, in the presence of methionine, methy- 
lated derivatives of normal metabolites, such as dimethy]- 
tryptamine, and dimethyl serotonin, both of which are 
hallucinogenic in man (g). Since the behavioral effects 
of methionine in these patients may be interpreted as 
representing an accentuation of the schizophrenic symp- 
tomatology, it is not difficult to formulate hypotheses 
relating biological transmethylation to the pathogenesis 
of schizophrenia. These findings are compatible with 
such hypotheses, although they are very far from sub- 
stantiating them. 

A number of alternative explanations for the observed 
effects of methionine must be considered. In the initial 
trial, methionine, which was given suspended in choc- 
olate milk, as were the other amino acids, was as- 
sociated with considerable gastric distress, nausea, and, 
in some instances, vomiting. It is also capable of causing 
a mild acidosis. The possibility that the mental and 
behavioral effects were in response to either of these side 
effects appears to have been ruled out in the same 
patients by administering this amino acid in the form of 
capsules. The gastric distress was then negligible, but the 
mental and behavioral changes were, nevertheless, 
apparent. Furthermore, ammonium chloride given in 
enteric coated tablets produced comparable degrees of 
acidosis and gastric distress, with none of the behavioral 
effects noted with methionine. 

There is the possibility that the effects of methionine 
are nonspecific “toxic” effects and unrelated to schizo- 
phrenia. We have begun to test this hypothesis by admin- 
istering comparable doses of methionine to normal 
volunteers. In five such trials, without the possible 
potentiating effects of iproniazid, a few of the subjects 
reported barely perceptible subjective feelings of light 
headedness, which compared qualitatively and quantita- 
tively with the effects produced by small amounts of 
alcohol. What remains to be determined, however, is the 
effect of methionine in a larger series of normal volunteers 
pretreated with iproniazid. 

It is possible that the marked effect of the methionine- 
iproniazid combination in one third of the schizophrenics 
represents a peculiarly schizophrenic response to a 
subjective state, which, in itself, is not unlike that pro- 
duced in normals. This appears to be unlikely, in view 
of the results in these patients with the tryptophan- 
iproniazid combination. Such combination produces in 
normals a sense of light headedness and intoxication 
resembling that of alcohol, and the effects produced in 
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schizophrenics are not different in nature or degree. 
Summerskill and his associates (8) have produced mental 
and behavioral changes similar to those which we have 
seen in schizophrenic patients by giving large doses of 
methionine to patients with severe hepatic insufficiency. 
In their study, however, stupor and serious neurological 
derangement accompanied the methionine administra- 
tion. Although the presence of reduced hepatic function 
is not uncommon in unselected populations of chronic 
schizophrenics, it appears unlikely that these carefully 
selected patients, with no evidence of hepatic 





insufficiency by standard laboratory tests, would be 
comparable to Summerskill’s patients; nevertheless, 
that possibility remains to be further evaluated. 

Our efforts are now directed at studies to determine 
whether a significantly higher percentage of schizo- 
phrenic patients show qualitatively and quantitatively 
different behavioral responses to methionine and 
iproniazid from those produced in nonschizophrenic 
individuals, and, if so, the mechanism by which the 
effects are produced, and their possible relevance to 
schizophrenia. 
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Discussion 


NICHOLAS J. GIARMAN 
Department of Pharmacology, Yale University School of Medicine, New Haven, Connecticut 


Ween DR. HIMWICH AND LATER DR. DEWS, Called me 
about appearing as a discussant on this program, I 
pleaded ignorance about the effects of hallucinogenic 
agents in man. They persuaded me, however, that what 
was needed was an appraisal of the data in terms of 
sound pharmacological principles (and they included in 
this, I am sure, physiological and biochemical principles). 
Their assurances were responsible for my not realizing 
then, as I did a few moments later, that there are very 
few sound pharmacological principles which one can 
apply to any classification of drugs affecting the CNS. 
However, this has not stifled discussion in other such 
symposia and will not dissuade me. 

I doubt that anyone present today would argue 
strongly against the proposition that the mechanism of 
action of psychotropic drugs in general is still largely 
unknown. It is true that a large number of behavioral 
and chemical correlates of drug-induced changes in the 
brain have been accumulated, and some of these have 
been embodied in certain seductively attractive hypoth- 
eses. Regardless of what formulation one takes of the 
problem, the evidence is strong, even if mostly presump- 
tive, that there is a correlation between biogenic amines 
in the brain and drug-induced changes in behavior. I 
would point out that the correlation is usually made 
with respect to the size of the cerebral store of one or 
another endogenous amine; and this is attractive, be- 
cause it is believed to be associated in some way with 
neurohumoral regulation of interneuronal commu- 
nication. 

In this view, synaptic transmission is considered a key 
factor in the neurochemistry of cerebral function. This, 
I think, is a useful premise. However, the general idea 
that there is a causal relationship between the store of 
amines and behavioral change, no matter how attractive, 
has little direct evidence supporting it and some evi- 
dence against it. One of the major problems, it seems, is 
an operational one of finding the most direct methods of 
obtaining information to achieve rigorous support of 
such an hypothesis. 

Unfortunately, the data so far accumulated have come 
from fairly indirect studies; and this represents one of the 
drawbacks of some of the work presented today. I say 
this in all humility, as one who can pull a rat from 
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its cage without worrying about precise diagnostic 
analysis, how to get a sample of brain, the problem of 
suggestion, and the like. In short, I realize fully the 
difficulties of clinical experimentation. But this does not 
get us away from the fact that metabolites of various 
amines in the urine, for example, represent at best a 
very minor contribution from cerebral metabolism, and a 
very large contribution from extraneural metabolism. 

The experimental approach is always ingeniously 
being improved, and we have today a much more 
sophisticated understanding of the problem than we had 
a few years ago, thanks to contributions such as those we 
have heard today. 

The problem of 6-hydroxylation of indolealkylamines 
is indeed a fascinating one, and Dr. Szara and co-workers 
have made a good start toward establishing a 6-hy- 
droxyindole amine of endogenous origin as a psychotoxin 
of importance. These investigators have already estab- 
lished the psychotomimetic potency of such derivatives 
(as 6-hydroxydimethyltryptamine and 6-hydroxydiethy]- 
tryptamine); and it is, therefore, possible to conceive of a 
high circulating level of a similar compound and its 
presence in the brain as representing a psychotoxic 
basis for mental disorder. Perhaps related to this is a 
recent finding of Dr. Sprince of high levels of 6-hydroxy 
skatole in the urine of schizophrenics (9). 

Dr. Szara’s presentation raised some questions in my 
mind: 1) 6-Hydroxyindoleacetic acid represents an 
important metabolite in such a study. It was not clear 
to me whether it was estimated and included in the 
data on 6-hydroxy indole metabolites. If it was not, it 
would seem to be a serious omission in any attempt to 
correlate rate of metabolism with variation in response. 

2) Would not an inhibitor of monoamine oxidase 
(MAO) be expected to potentiate the psychotomimetic 
potency of DMT and DET by sparing the 6-hydroxy 
amine from oxidative deamination and allowing it to 
accumulate? The same would be true for inhibition of 
glucuronide formation. Here, however, I may be falling 
into an error in thinking, common in this field, which 
should be pointed out and corrected by the pharmacolo- 
gist. The danger lies in arguing about central mech- 
anisms from a constellation of actions of a substance on 
peripheral organs. For example, the abserice of a pro- 
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nounced behavioral effect following BOL does not rule 
out serotonin as an agent, possibly implicated in the 
central actions of other 5-HT anatagonists, like LSD. 

3) Along this same line, is not a-methyltryptamine an 
MAO inhibitor itself? What happens to the brain amines 
after this substance is administered and could some of 
its effects be due to such changes? 

4) Finally, couldn’t we circumvent the necessity of 
speculating on how 6-hydroxy tryptamine might get 
into the brain, by assuming, or possibly showing, that 
it is made in the brain from the tryptamine already there? 

Dr. Kety has, as usual, obtained some fascinating 
findings from his well-planned and carefully executed 
studies. One might speculate, along with Dr. Szara, 
that the methionine-induced effect is due to methylation 
of Szara’s 6-OH psychotoxin, allowing it, thereby, to 
enter the CNS. It might be of interest to test this pos- 
sibility by determining whether methionine, as an 
adjuvant, uncovers any psychotomimetic action which 
6-hydroxytryptamine might have. Another possibility 
which arises in my mind is that the effects of methionine 
may have been mediated by some abnormal metabolite 
of methionine, similar, for example, to methionine 
sulfoximine, which is well known to cause marked 
alteration in brain excitability. I would like to hear Dr. 
Kety’s views on these points. 

The results and interpretations of Doctors Brune and 
Psheidt interested me greatly, because they touch upon 
some of our recent work, which I will speak of in a 
moment. While this and other investigations of theirs 
suffer from the difficulty of extrapolating from urinary 
products to brain metabciism, they have hit upon an 
interesting general point, which several observers in this 
field have been speculating about, namely, that the size 
of the total cerebral store of an amine may not be nearly 
as important as its sub-cellular status and form in the 
brain, for interpreting drug-induced behavioral change. 

Figure 1 shows schematically our current concepts of 
these various sub-cellular forms. We visualize two bound 
forms of the neurohumor: 7) the inactive storage form 
which is granule-bound and inaccessible to the inactiva- 
tor enzyme; and 2) the active form, represented by the 
complex of the neurohumor with its receptor protein. 


Storage form 
Granule-“bound”’ 
Active form 
Receptor-“bound”’ 


— Inactivator 
| 


Precursor ————————> Free form —--———— 
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Metabolites 
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TABLE I 


Mean 5-HT (mug/Whole 


- ; Brain) eee. prey 
Treatment Anisesie —|«Free”| Super- 
Bound” |e Fyee | Total a 
None 62 389+89* 158+36") 547 | 29 | 2.5 
Chlorpromazine, 12 300 T 247t | 547| 45 | 1.2 
25 mg/kg—75 
min 
Reserpine, 5 mg 14 88+ 61¢ | 149 | 41 1.4 
kg—4 hr | 
Isoreserpine, 5 4 2751 129 404 | 32 2.1 
mg/kg—a hr 
a-Methyl-DOPA, 12 267 T 182 449 | 41 1.5 
100 mg/kg—2.5 
hr 
Phenobarbital, 5 450T 325T | 775 | 42 | 1.4 
100 mg/kg—2.5 | 
hr | | | 
Methylparafynol, 7 321 139 460 | 30 | 2.3 
300 mg/kg—15 | 


min | 





* Standard Deviation. + These values differ significantly 
from the control value at or beyond the 5% level of confidence. 


Dr. Schanberg and I have shown that the bulk (70%) 
of endogenous 5-HT in rat brain exists in these forms, 
mainly, it may be assumed, in the storage form (3). 
There is also the ‘free’? form, usually equated with the 
active material, but in reality representing a transition 
state; potentially active, potentially storable, and_po- 
tentially destructible. 

A drug, conceivably, could influence the amount of 
the free form and thereby alter responses evoked by the 
active complex. In this sense, drugs might: a) inhibit 
the inactivator; 6) inhibit or activate the synthesizing 
enzyme; c) block reception at the receptor; d) cause re- 
lease from the storage site, and ultimately deplete the 
store; and ¢) promote binding at the storage and receptor 
sites, or both. 

Moreover, these effects of drugs are not mutually 
exclusive; and because similar molecular forces may 
operate at several of these sites, it is conceivable that a 
drug may act at more than one site. 

We, consequently, felt that a ratio of the two bound 
forms to the free might be a more reliable correlate of 
drug-induced behavioral change than size of the total 
cerebral content of neurohumor has proved to be. By 
high-speed centrifugation of rat brain homogenates in 
isotonic sucrose (0.25 M) it is possible to get reliable and 
reproducible ratios of “bound”? to “‘free” 5-HT, which 
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have responded in a predictable manner to certain 
classifications of CNS drugs. The 5-HT in these expert 
ments was extracted into acetone and taken to dryness. 
These extracts were kept at —16 C until assayed on the 
heart of the clam, Mercenaria (Venus) mercenaria. 
Table 1 shows results obtained with drugs which 
represent various sub-classes under the broad heading 
of CNS depressants. We see first the two separable and 
distinct forms of 5-HT in the brain (with 29% free). 
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Many control studies have shown us that this is a labile 
and artifactitious system and is probably not indicative 
of in situ conditions. Nevertheless, as you will see, it is 
productive of interesting and predictable correlations. 
Furthermore, it provides data differentiating drugged 
and nondrugged states and, what is more important, 
differentiating between classifications of CNS drugs. The 
following points demonstrate this differentiation: 

1) Reserpine, e.g., does what many have suspected it 
does in the brain; namely, it causes a greater depletion 
of stored serotonin (5-HT) than of the free form. This 
results in a proportionally greater amount in the free 
form and a ‘“‘bound’’/“‘free’”’ (P/S) ratio of 1.4, instead 
of 2.5. 

2) It may be seen, further, that some of the other 
potent depressants, regardless of their effect on total 
cerebral level of 5-HT, cause a similar shift of P/S ratio 
toward 1.0, nclalbing : a-methyl DOPA, which inhibits 
synthesis and decreases the total slightly; phenobarbital, 
which raises the total by 42%; and chlorpromazine, 
which does not alter the total. 

3) It is interesting that isoreserpine, which is practi- 
cally devoid of CNS activity, causes little change in either 
total 5-HT or in the P/S ratio. 

4) Finally, another depressant, methylparafynol 
(‘Dormision’) which we have shown (6) to be associated 
with considerable elevations (7o-go%) in brain acetyl- 
choline (ACh) when used in anesthetic doses, has no 
effect on intracellular distribution of 5-HT. This is not 
surprising and indicates that the ACh. a stem should not 
be neglected in our thinking and investigations. As a 
matter of fact, the powerful psychotomimetic drug, 
‘Sernyl,’ given in high doses (20 mg/kg) to rats, also 
causes an elevation in brain ACh, and no change in the 
5-HT system (Pepeu and Giarman, unpublished data). 

Let us now turn attention to some drugs which produce 
essentially the opposite behavioral effects. These are the 
antidepressants, CNS excitants, euphoriants, and psy- 


TABLE 2 
Mean 5-HT (myg/Whole | 
Brain) | ps 
‘ Pi eit dct eee res a es Ob 
Treatment |AStntlel Tg] | Sie 
| Partic. | mal eae | nate 
| “Bound” aia | Total | | 
Pi i demetrert | 2 2 aS a 
| 
Iproniazid, 100 ee ae 906" | 485* | 1481 | 33 | aut 
mg/kg—12 hr | | | 
8-Phenylisopropyl- | 16 | 1050* | 343* | 1393 | 25 3.1 
Hydrazine, 10 | | | 
mg/kg—18 hr | | | 
Imipramine, 15 | 4 | §506*| 200 | 706] 29 | 2.5 
mg/kg—75 min | | 
LSD-25,¢ 520 ug/ | 8 | 531* | 156 | 687 | 23 | 3-4 
kg—20 min | | | | | 
None | 62 389 | 158 | 547 | 29 2.5 


3 These values differ significantly from control values at or 
beyond the 5% level of confidence. t These values, esti- 
mated by bio-assay, have been confirmed by similar experi- 
ments in which the 5-HT was determined spectrophotofluoro- 
metrically (unpublished data of D. X. Freedman). 
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TABLE 3 
Mean 5-HT (mug/Whole 
Brain) P/S 
1 ee eee en a ae | & Partic/ 
Treatment Animals Seine “Free Super- 
3 . er- F: . 
Fair nate Total ia 
“Free” 
None 62 389 58 547 | 29 2.5 


Reserpine, 5 mg/ 14 88 rf 149 | 4I 1.4 
kg—4 hr | 

Iproniazid, 100 17 | 996 485 
mg/kg—12 hr 

Iproniazid (6), fol-| 16 
lowed by Reser- 
pine (3) 

PIH*, 10 mg/kg— 16 
18 hr 

PIH (2), followed 20 665 339 
by Reserpine (3) 

Imipramine, 15 
mg/kg—75 min 

Imipramine (8), 12 73 29 102 | 28 2. 
followed by Re- 
serpine (3) 


*IT- -Phenylisopro opy Ay drazine. 
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1004 | 34 2.0 


4 506 200 706 | 29 2. 
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chotomimetic agents. Some results are summarized in 
Table 2 

Here we see at first glance that all these agents cause a 
rise in total 5-HT, but, simultaneously, either have no 
effect on or elevate the P/S ratio above 2.5. In collabora- 
tion with Dr. Freedman, we have found that the most 
striking agent in this group is LSD, which apparently 
causes an enhanced binding of 5-HT, since all of the 
rise in total 5-HT (in this case, 25%) can be accounted 
for in the ‘‘bound”’ fraction (2). Dr. Freedman has shown 
that this effect is more marked in reserpinized animals 
and can be seen with threshold doses for autonomic and 
behavioral effects of LSD (1). Whether this is a charac- 
teristic of other psychotomimetic substances needs to be 
investigated. 

Another interesting aspect of these data is that the 
large increase in total 5-HT following inhibition of MAO 
(by either iproniazid or B-PIH) was distributed between 
the particulate and aon-particulate compartments so as 
to maintain a relatively normal P/S ratio. This might 
suggest a dynamic steady-state relationship between 
5-HT in the stored reserves and that free in the cyto- 
plasm. 

This technique has uncovered one final interesting 
interrelationship: that of reserpine with MAO inhibitors. 
Table 3 shows some of these data. A number of reports, 
originating with Pletscher (8), have indicated that 
iproniazid interferes with reserpine-induced release of 
catecholamines and 5-HT. Pletscher and Paasonen (5), 
e.g., have observed an interference by iproniazid with 
reserpine-induced release of 5-HT from platelets. Green 
and Sawyer (4) have seen an interference. by tranyl- 
cypromine with reserpine-induced release of catechola- 
mines from brain granules; and in our laboratory, with 
Doctors Pepeu, Roberts and Schanberg, we have ob- 
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served a strong interference by iproniazid with release of 
catecholamines from guinea pig’s atria (7). The data in 
Table 3 strikingly show the anti-reserpine action of 
iproniazid. Particulate-bound 5-HT, which, ordinarily 
is 77 % (389 mug to 88) depleted by reserpine, remains 
unchanged when the animals have been pretreated with 
iproniazid. 8-Phenylisopropylhydrazine (PIH) was less 
potent in this anti-reserpine effect, allowing reserpine- 
induced depletion to occur up to 37 % (1050-665 mug). 
Since PIH was used here in a dose roughly equivalent in 
MAO.-inhibiting potency to that of iproniazid, the antire- 
serpine action cannot be due solely to inhibition of MAO. 

If there is a moral to this story, it is that the direct 
approach of studying bound and free neurohumors can, 
a) substantiate some of the hypotheses already proposed 
for the action of certain psychotropic drugs, e.g., the 
action of reserpine; and 6) yield data useful in the 
development of new and testable hypotheses based on; 
e.g., enhancement of binding of 5-HT by LSP and, 
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inhibition of amine-release by iproniazid, and possibly 
other MAO inhibitors. 

While these data are to be considered purely as cor- 
relations, such correlations may be indicative of underly- 
ing mechanisms. For instance, LSD-induced behavioral 
changes are, no doubt, related to a number of 
biochemical mechanisms. Our proposition is that it may 
be fruitful at this stage to consider interactions with 
particulate-bound 5-HT as a reflection of interactions 
at a complex of receptor sites. 

We must, however, guard against what A. N. White- 
head called the ‘fallacy of misplaced concreteness.” 
When we reason deductively about complex affairs, we 
nearly always leave out many things, both things for- 
gotten and things unknown. This leads to erroneous 
conclusions. Only experience can teach us the immenes 
complexity of interactions among many factors. This is 
sufficient reason for us to bring this Symposium to an 
end; return to the laboratory, and do more work. 
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CARE AND USE OF LABORATORY ANIMALS 





Introduction 


BENNETT J. COHEN 
University of California School of Medicine, Los Angeles, California 


; ANIMAL CARE PANEL and the Federation welcome 
you to this Symposium, the first of its kind held at a 
Federation meeting. The session has been organized to 
present a sampling of current work in laboratory animal 
medicine, and to illustrate to biologists some of the 
developments and problems in this challenging new 
field. 

It is now generally accepted that the care of laboratory 
animals is a fundamental consideration in planning and 
conducting research. At this session some of the impli- 
cations of the word “care” will be considered. The 
problems of selection and quality of research animals, of 
technical and academic training of animal care spe- 
cialists, and of housing the laboratory species are areas 
of basic concern not only in laboratory animal medicine, 
but to all biologists. They bear directly on the success of 
any research program involving animals. ‘To some ex- 
tent, every one who uses animals in research should be 
expert in laboratory animal care. It is appropriate to 
devote a session to this subject at this Federation meeting, 
the largest gathering of biologists in the world. 

There is another important reason for this session. As 
all biologists know, the problems of care and use of 
animals are much in the public eye these days. A politi- 
cal issue has been created around this subject, and as a 
result the American scientific community is faced with a 
major crisis. 

Legislation is again pending in Congress to license 
scientists and laboratories engaged in Federally sup- 
ported research. Under the guise of providing for the 
humane care and treatment of laboratory animals, 
bills sponsored in the House by Representative Martha 
Griffiths and Representative Morgan Moulder; and 





scheduled for reintroduction in the Senate by Senator 
John Sherman Cooper would establish complex Federal 
regulatory machinery to direct and control animal 
experimentation. 

The scientific community is united in opposition to 
these destructive legislative proposals, which would only 
restrict and hamper needed research without contribut- 
ing to the advancement of laboratory animal care. We 
have every reason to press for their defeat. However, we 
must do more than simply oppose these bills. We have 
an obligation, as biologists, to inform Congress, the 
public, and ourselves regarding the-needs and the prob- 
lems of modern animal experimentation. In addition, 
we must work constructively to assure the highest scien- 
tific and ethical animal care standards. To these objec- 
tives, this Symposium is dedicated. 

We should encourage Congress and the public to 
assist us in giving rational meaning to the word “hu- 
marie”’ as applied to the care and use of the laboratory 
species of animals. Several constructive approaches are 
available which avoid the bureaucratic restrictions of 
pending legislation. For example, greater support of 
research and training in laboratory animal care is 
needed. Programs for the improvement of existing ani- 
mal facilities and construction of new facilities would 
be welcomed; the factual information in this important 
area of biology should be more widely available. 

This Symposium touches on all of these approaches. 
The participants hope that you will find their presenta- 
tions of interest and of value. They welcome your com- 
ments and questions during the discussion period to 
follow. 








Choice of experimental animals for research 


BODIL SCHMIDT-NIELSEN! 
Department of Zoology, Duke University, Durham, North Carolina 


A FEW YEARS AGO, Dr. P. F. Scholander, addressing a 
group of comparative physiologists said: ‘“To the medical 
physiologist, man is made of dog heart and kidneys, frog 
muscles, rat intestines, fruit fly genes, etc.”” He added: 
“It has always been a wonder to me why the ordinary 
laboratory animals are considered so particularly an- 
thropoid.”’ Scholander, with his usual sense of humor, 
had pointed to a rather sore spot in physiological re- 
search; namely that the variety of animals generally 
used is quite limited, and that deductions as to physio- 
logical mechanisms are sometimes made from one species 
to another without sufficient justification. In the present 
discussion, I would like to plead for a wider and more 
discriminating choice of experimental animals. 


EXPERIMENTAL ANIMALS PRESENTLY CHOSEN 
BY PHYSIOLOGISTS AND TYPE OF INVESTI- 
GATIONS FOR WHICH THEY ARE USED 


To get an idea about the kind of animals currently 
used by physiologists, I surveyed the abstracts in Federa- 
tion Proceedings last year. There were nearly 700 studies 
by physiologists. In over 70% of these, dogs, rats, man 
and monkeys were used, with 28, 22 and 21 %, respec- 
tively (Fig. 1). Other animals occurred surprisingly 
seldom. Rabbits, mice and frogs were each used in less 
than 5% of the studies. The remaining 8%, which are 
not shown on the graph, included 34 different species of 
animals less commonly employed in the laboratory 
(Table 1). 

In Fig. 2 is shown the type of experiments conducted 
on dogs, rats, primates, and cats. Over 50% of the dog 
experiments were concerned with circulation. The rat 
was most frequently used for endocrinological and nu- 
tritional research. In general, it seems to be a very 
versatile laboratory animal, used in a variety of different 
studies. Man and monkeys were used most predomi- 
nantly in respiration studies, but, also, in many other 
experiments. The cat was used almost exclusively in 
neurophysiological experiments. 

If we investigate the reasons for the particular choice 
of animal made by the investigators, we find that they 
are mostly practical and based on very valid considera- 
tions. Since it is imperative in physiological research 
that the animal be healthy and in the best possible nu- 


1 Established investigator of the American Heart Association. 


tritional condition, it is natural to choose animals 7) 
that can be maintained in captivity; 2) for which ade- 
quate facilities are present in practically all laboratories; 
3) for which we are thoroughly familiar with the nutri- 
tional requirements; 4) for which we have some knowl- 
edge of the common diseases and the cure for them. 
Furthermore, it is important that 5) the anatomy is 
well worked out. The size of the animal is often an im- 
portant consideration. In studies concerned with circu- 
lation and kidney function, the rat is often too small to 
work with conveniently, so the dog is chosen instead. 

Another important consideration is that the animals 
can be trained to the point where ordinary quiet handling 
does not change physiological reactions. In this respect, 
the dog is particularly good, because it can with appro- 
priate rewards be taught to cooperate with the investi- 
gator. On the other hand, it is a curious fact that a highly 
domesticated animal, like the rabbit, is exceedingly 
sensitive to any kind of handling. Grant (7) noted that 
if a rabbit is placed in a laboratory in an open wire 
cage, which is small but completely comfortable, the 
body temperature of the rabbit decreases, and can fall 
2~3 degrees in 30-90 min. This is in spite of the fact that 
the rabbit sits perfectly quiet and shows no outward sign 
of distress. Forster (5) found that if cigarette smoke is 
blown over the nose of the rabbit, it stops breathing and 
a pronounced bradycardia, accompanied by oliguria, 
sets in. The rabbit in this respect reacts much as a 
diving animal, as, for example, the seal. Hansen and 
Brezowsky (8) found that warm humid weather in- 
creased the inulin sensitivity in rabbits, while a dry 
atmosphere decreased the sensitivity. 

The wide use of man, which, incidentally, was a 
surprise to me, has in many instances been determined 
by the fact that the investigator can communicate 
directly with the experimental subject, and that the 
subject (sometimes) is willing to cooperate with the in- 
vestigator. 

In 8% of the studies, a variety of animals were used 
and the choice was based on a different set of considera- 
tions (Table 1). Invertebrates, including paramecia, 
planarians, lobsters, and insects, were used in studies, 
including behavior, nerve and muscle physiology, renal 
function, endocrinology, and sensory physiology. Non- 
mammalian vertebrates, fish, alligators, penguins, tad- 
poles, frogs, and lizards were used for metabolism, be- 
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havior, intestinal absorption, and neural physiology. 
Mammals, including wild and domesticated mammals, 
squirrels, beavers, desert rodents, pigs, and hamsters 
were used for hibernation studies, renal function, blood 
pressure, and blood brain barrier. 

I have tried to classify the major reasons for these 
choices, and they are shown in Table 2. 


ANIMALS IN WHICH THE ANATOMY IS PARTICULARLY 
FAVORABLE FOR STUDYING CERTAIN 
PHYSIOLOGICAL FUNCTIONS 


August Krogh once said that if you look carefully you 
can always find an animal that seems to have been de- 
signed by nature for the investigations you have in mind. 

Some of the most spectacular progress has come about 
in modern physiology following the discovery of the 
right kind of animal. I should like to illustrate this point 
with some examples. 

The enormous progress that has taken place in the 
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FIG. 1. Frequency of use of various animals in physiological 


experimentation. Ordinate: percentage of abstracts in Federation 
Proceedings, 1960, reporting use of the animals. (Schmidt-Nielsen, 
Am. Heart J. 62: 579, 1961, C. V. Mosby Co.) 


TABLE I 

Invertebrates onmammalian Vertebrates 
Paramecium Fish 
Hydra Necturus 
Starfish Tadpole, frog 
Pecten Lizard 
Sea cucumber Alligator 
Squid Turtle 
Planaria Snake 
Phascolosoma Pigeon 
Caterpillar Penguin 
Southern army worm Chicken 
Diptera 
Hymenoptera Mammals 
Coleoptera Hamster 
Cockroach Squirrel 
Firefly Beaver 
Lobster Psammomys 
Crayfish Goat 


Crab Pig 
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FIG. 2. Investigations in which dog, rat, primate and cat have 
been used. Ordinate: Percentage of the total number of abstracts 
for each animal concerned with the various types of investigaticns. 


TABLE 2 


1. Animals in which the anatomy is particularly favorable for 
studying a certain function 

2. Animals in which a physiological function has been de- 
veloped to an extreme (often through adaptation to special 
environments) 

3. Comparative studies of animals including lower vertebrates 
as well as invertebrates 


last two decades in neurophysiology is to a considerable 
degree based on the discovery (or rather rediscovery) by 
Young, 1934 (21, 22) that there are two very large nerve 
cells in the central nervous system of the squid Loligo 
and its relative Sepia. The first discovery was made by 
Williams (20) as early as 1809, but his account was not 
amplified or even mentioned until Young accidentally 
rediscovered these large nerve cells with an axon diam- 
eter of 1 mm, and at the same time realized the great 
advantage these giant axons offered to the study of nerve 
conductance and histology. 

In the early 1920’s, E. K. Marshall, together with 
Vickers, found that the renal tubules in the dog are 
capable of actively secreting phenol red into the tubular 
lumen (11). The evidence was convincing, but at that 
time Cushny’s theory on the formation of urine was still 
prevailing. It was believed that only two processes, 
glomerular filtration and tubular reabsorption, were in- 
volved in urine formation. A. N. Richards, who himself 
had done brilliant work in kidney physielogy, was at 
that time opposed to the notion that any substances are 
secreted into the tubules. Marshall, then in a search of 
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the literature, came across the animal ideally suited for 
his experiments. This was the goose fish, or angler fish, 
Lophius piscatorius. Huot in 1902 (g) and Audige in 1910 
(1), described the kidneys of these fish as having neither 
an arterial supply nor glomeruli. Marshall and Grafflin 
(12) writes: ““When one considers the great amount of 
work which has been done on the frog’s kidney, and the 
importance attached to these studies on account of the 
double blood supply to the tubules, it is quite surprising 
that little work has been done either to confirm and 
extend these extremely interesting anatomical observa- 
tions of Huot and Audige, or to study the function of 
such a pure tubular kidney.” 

A functional study of the kidney of Lophius piscatorius 
was commenced in the summer of 1926, and observations 
were also made in an attempt to confirm the essential 
findings of Audige. 

In the summer of 1928, Marshall was in Woods Hole, 
where he presented his work showing beyond doubt that 
the renal tubules in the aglomerular kidney of the goose 
fish are capable of secreting not only phenol red but a 
number of other substances. In the discussion that fol- 
lowed, Richards exclaimed: ‘““Thank God! Marshall has 
at last found one beast in the whole animal kingdom 
that fits in with his theory.” 

The studies by Marshall on the goose fish kidney were 
followed by a long series of studies by other investiga- 
tors, particularly by Forster and his collaborators (5). 
The understanding of renal function has been consider- 
ably advanced through the studies of the aglomerular 
kidney in the goose fish. 

It should be mentioned here that another anatomical 
pecularity in the goose fish makes it particularly suited 
for the study of neurosecretion. Carlisle in 1957 (3) 
pointed out: ‘““The pituitary stalk of the angler, or goose 
fish, Lophius piscatorius, is notable for its length, which 
may exceed 3 cm in a large fish. It is only about 50 u 
thick and is accompanied by a hypophyseal portal vein. 
It is, thus, eminently suited for visual and electrical ob- 
servations on the functioning of the pituitary stalk. 

“With the normal light microscope, intra-axonal ob- 
jects could be observed migrating down a proportion of 
the axons, in most preparations. Some of these could be 
interpreted as mitochondria, but others, rather larger 
and of mulberry appearance, appeared to be conglomera- 
tions of neurosecretory material. They were quite unlike 
anything which I have observed in ordinary nerve fibres. 
These objects moved towards the pituitary at a rate of 
about 100-200 w per minute. The movement ceased 
two or three minutes after removing the preparation 
from the body.” 

The teleost fish, in general, also seems to be designed 
by nature for the study of another physiological func- 
tion. This was pointed out by Buddenbrock (2) in his 
discussion of the Islets of Langerhans. Buddenbrock 
writes: “In the teleost fish, a very special arrangement is 
found. In many, the islets are not numerous and small, 
but are few and very large; often one large main islet 
and some smaller islets are found. They are separated 
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from the main part of the pancreas and are easy to isolate 
and remove. The first to utilize these in physiological 
experiments was Diamare (1905). In spite of this very 
useful property of the islets, they have not played any 
important role in the discovery of insulin.”’ It appears 
that if advantage had been taken of this knowledge, the 
discovery of insulin might have come about sooner than 
it did. 

In renal physiology, the fact that the lower vertebrates, 
i.e., all vertebrates except mammals, have a renal portal 
circulation has been utilized by several investigators. 
Sperber (18) showed in 1945 that a large fraction of the 
blood from the leg vein of the bird goes directly to the 
kidney tubules by way of the renal portal vein. He found 
that when substances secreted by the renal tubules are 
injected into the leg vein on one side, these substances 
appear in the urine from the kidney or the same side 
much earlier than from the other kidney. This fact has 
been utilized in many studies of tubular secretion. 

The fact that certain desert mammals have a very 
long papilla renis has been utilized in kidney studies by 
Ullrich, Gottschalk and myself. In the hamster, the 
papilla renis projects into the ureter and, thus, by expos- 
ing the kidney and opening the ureter, one can gain 
access to the papilla in the live anesthetized animal. 
Jarausch and Ullrich, using a very elegant technique, 
were able to place microcatheters of polyethylene tubing 
into the collecting ducts of the papilla, and to collect 
urine samples at varying distances from the tip of the 
papilla. They were, thus, able to determine quantita- 
tively the reabsorption of water and solutes taking place 
along the collecting ducts (10). The elegant micropunc- 
ture studies on the loops of Henle from the papilla of the 
hamster that Gottschalk has performed were reported by 
him in the Bowditch Lecture for the Physiological 
Society last fall (6). In analysis of the distribution of 
solutes in kidney tissue, the long papilla also offers special 
advantages (14). 


ANIMALS IN WHICH A FUNCTION HAS BEEN 
DEVELOPED TO AN EXTREME 


In animals that are specialized to live in certain ad- 
verse environments, we often find that physiological 
functions have developed to an extreme that we do not 
find in related species living in more moderate environ- 
ments. Such animals offer particular advantages to 
physiological studies, not only because the anatomy 
might be favorable for experimental procedures, but also 
because the basic physiological processes can be better 
evaluated when the range and the flexibility of the func- 
tion are studied. 

We can also study adaptation for a different reason, 
which to the physiologist often is the most important, 
and that is to find out how nature has solved a difficult 
problem. 

The following examples will mainly show the enormous 
range in physiological adaptation but may also point to 
some interesting animals that may be suited for further 
experiments. 
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The Chironomid larvae (the larvae of a small fly) 
can live under the most diverse conditions, and the 
study of how they do so is fascinating. Scholander, 
Flagg, Hock and Irving, 1953 (16) studied the Chirono- 
mid larvae in Alaska. In the Winter these larvae were 
found in the frozen black mud in shallow pools. The 
temperature taken in bore holes showed this habitat to 
go below —20 C. Pieces chopped out of the frozen mud 
were placed outdoors near the laboratory for several 
months, and subjected to temperatures frequently as 
low as — 40°. The larvae could be thawed out, and they 
would still be alive and perfectly healthy. Most animals 
that we know of do not tolerate any degree of ice forma- 
tion in the body fluids. Thus, in the hibernating mam- 
mals, the body temperature is carefully regulated above 
freezing, and the cold blooded vertebrates do not sur- 
vive freezing, as far as is known. And yet, in the Chirono- 
mid larvae, at these low temperatures, go-95 % of the 
total body water was frozen. In spite of this, respiration 
continued, although it was considerably reduced at the 
lower temperatures. 

Another peculiar environment in which certain 
Chironomid larvae are able to thrive is saturated salt 
lakes. Surovow (19), 1908, reported that he found various 
small animals in Lake Bullock, near Fort Alexandrowsk. 
The lake has a total salt concentration of 28.5% and a 
sodium chloride concentration of 18.3%. He found not 
only Chironomid larvae, but also Oligochaeta, crusta- 
ceans, and Rotatoria. Osmoregulation has been studied 
intensively for marine and fresh water animals, but, as 
far as I know, very little work has been done on the 
osmoregulation of several of these. 

Another example of an animal adapted to an adverse 
environment is the lung fish, ‘“‘Kamongo”’, which was 
studied by Homer Smith in 1928 (17). Its habitat in the 
equatorial region of Africa is subject to heavy rains, 
which alternate with protracted periods of drought. 
During the arid period, the fish estivates in cocoons in 
the mud. When the water recedes, it squirms into the 
mud, following the subsoil water down to a depth of 12 
to 18 inches, keeping a small blow hole open at the top 
of the cavity. It can remain in this cocoon for at least 3 
years, and possibly much longer. 

Among the several interesting observations that Smith 
made on the lung fish during and after estivation, was 
the fact that their metabolic rate drops by 50% within 
a week, and then decreases more slowly, and within 3 
months reaches a low level of 10-15 % of that in the fed 
and active state. Urinary secretion stops altogether, and 
metabolic waste products are stored in the body. It was 
found that the urea concentration-of fish that have esti- 
vated for 3 years was 3-4%. To the medical physiolo- 
gist, who knows the dangers of anuria in man, this is an 
amazing fact. 

Smith observed: “If the lung fish is capable of learn- 
ing by experience, it seems reasonable to suppose that 
this is all erased during its long sleep. It can be suspected 
(laboratory observations afford no proof) that the crea- 
ture has to learn how to eat again. Time, as it were, has 
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passed it by, and one can seriously ask if it has grown 
older with the passing years.” Thus, the lung fish ap- 
pears to be an interesting subject for further studies, 
both in behavior as well as in physiology. 


COMPARATIVE STUDIES OF ANIMALS, INCLUDING 
LOWER VERTEBRATES AND INVERTEBRATES 


The fundamental significance of physiological func- 
tions is often much better understood when viewed on 
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FIG. 3. Osmotic concentration along the excretory tubule of the 
earthworm, the crayfish and the mammal [reprinted with the 
permission of the American Heart Journal (15)]. The figure 
emphasizes the fact that two of the primary functions of the kidney 
are to conserve sodium and excrete water. A: Earthworm nephridium. 
PT, proximal tubule; DT, distal tubule; B, bladder. The osmotic 
concentration in the tubular fluid divided by the osmotic concen- 
tration of the body fluid are plotted against the site of the puncture 
on the nephridium. B: Crayfish green gland. CS, coelomic sack; L, 
labyrinth; NC, nephridial canal; B, bladder. Determinations of 
the chloride concentration in the various parts of the green gland 
are presented as the ratio between the concentration in tubular 
fluid and the concentration in the body fluid. C: Mammalian kid- 
ney. G, glomerulus; PC, proximal convolutions; DC, distal convolu- 
tions; C, cortex; M, medulla; OZ outer zone of the medulla; JZ, 
inner zone of the medulla. Along the ordinate are given the osmotic 
concentrations in the tubular fluid divided by the concentration in 
the blood. Solid line represents the data from rats producing a 
hypotonic urine. Dotted line represents data obtained in rats during 
low urine flow when the urine was hypertonic. 
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a broad comparative basis than if observed only in one 
species or even one order of animals. The well-known 
fact that the metabolic rate of mammals per unit of 
body weight decreases when body size increases was 
long interpreted as a reflection of the fact that heat is 
dissipated from the surface of the animal. Since small 
animals have a larger surface area in relation to their 
volume, their metabolic rate should naturally be greater 
than in larger animals. However, when Zeuthen (23) 
studied the relationship between metabolic rate and 
body size in cold blooded animals, including several 
groups of invertebrates, the same relationship between 
metabolic rate and body size was found. It was obvious 
that the rate of heat loss from the body surface of the 
animal was not the only decisive factor determining 
metabolic rate, and that the relationship between body 
size and metabolic rate is probably of a much more 
fundamental nature. 

The fact that some of the primary functions of the 
kidney, besides nitrogen excretion, are water excretion 
and salt conservation is not obvious from the kidney 
function of mammals. In some desert mammals the 
concentration of salt in the urine can be two to three 
times as high as in sea water, and the amount of urine 
produced is very low (13). In the crayfish, on the other 
hand, which lives in fresh water, the urine flow is large, 
and the urine is practically salt free. In spite of this 
enormous difference between the urine normally pro- 
duced by the two kidney types, the basic function of the 
different parts of their kidneys are essentially the same. 
In Fig. 3, the osmotic concentration in the different 
parts of the tubule is shown for the earthworm, the cray- 
fish, and the mammal. The fluid in the proximal tubule 
remains isotonic to the body fluids, while the distal 
tubule, which by the way is structurally similar in all 
three types of animals, performs the same basic function: 
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salt is reabsorbed leaving the fluid in the distal tubule 
hypotonic to the blood. This function is still performed 
by the distal tubule in a mammal, even when a concen- 
trated urine is produced through the counter-current 


multiplier system (15). 


CONCLUDING REMARKS 


At the beginning of this presentation, I mentioned 
that the common laboratory animals are frequently 
studied, not necessarily because they are best suited for 
the experiment, but because it is possible to keep these 
animals in a healthy state in the laboratory. In widen- 
ing the choice of experimental animals, the questions 
arise of obtaining, maintaining, and experimenting with 
nondomesticated animals. With respect to the inverte- 
brates and lower vertebrates, this is usually not difficult. 
It is often quite easy to copy the normal habitat under 
laboratory conditions. With respect to the vertebrates 
and mammals, it is more involved. 

I feel that it is important and desirable to study the 
animal! in its natura! habitat, before it is taken into the 
laboratory for further experimentation. The complex 
environmental and behavioral factors are not fully 
appreciated, if one is not familiar with the animal’s 
natural habitat. In adapting nondomesticated animals 
for laboratory work, it is often best to start with im- 
mature animals because these can be trained and 
tamed. Tranquilizers can be used to advantage during 
the training period. 

There is no doubt that the common laboratory ani- 
mals will continue to retain their positions as the most 
widely used experimental subjects. I hope, through this 
discussion, however, to have pointed out that it is both 
advantageous and exciting to include some of the more 
unusual and more highly specialized animals in our 
studies. 
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Control of quality in laboratory animals to increase 


effectiveness of biological research 


JULES S. CASS 


The Kettering Laboratory, Department of Preventive Medicine and Industrial Health, 
College of Medicine, University of Cincinnati, Cincinnati, Ohio 


A PROBLEM CANNOT BE SOLVED RATIONALLY unless it is 
properly analyzed. I shall attempt to define the problem 
of quality and its control in laboratory animals, examine 
its component parts, and discuss the aspects that are in 
need of understanding and solution. 

Failures in biologic experiments may have nothing to 
do with the soundness of a proposition or a hypothesis. 
They may result from the lack, or malfunction, of a 
particular technique, or of a particular adjustment or of 
some other factor. One of these other factors underlying 
some of the failures in biological and medical research 
is the laboratory animal. 

A discussion of the following four questions will pro- 
vide a basis for examining the problem of ineffective 
research due to the malfunction of laboratory animals: 
a) What is “quality” in laboratory animals? b) What 
need is there for improved ‘‘quality” in animals used in 
research? c) How has the quality of laboratory animals 
been improving? d) Once achieved, how may improved 
“quality” in laboratory animals be maintained and rein- 
forced? 

“Quality” may be defined as a characteristic constitut- 
ing the basic nature of something, or may refer to the 
degree of its excellence. With these criteria in mind, let 
us consider what characteristics constitute improved 
quality in a laboratory animal. We should include in our 
considerations an anatomic, physiologic, and psychologic 
constitution freed of extreme variations; vigor in repro- 
duction, growth, and other vital functions; a state of 
health that can withstand the ‘“‘slings and arrows’? of 
the laboratory environment; freedom frora complicating 
spontaneous diseases; domestication and ability to adapt 
to changes in the environment, including the diet; living 
and reproducing in confinement; and the characteris- 
tics of tameness, ease of handling; even temperament; 
and intelligence, including the ability to be trained. 

A desirable constitution is an aggregate expression of 
many factors, rather than an overall constitution that is 
resistant or susceptible to all responses. We may classify 
the characteristics that add up to improved quality in 
laboratory animals as those that are inherited; those 
that exist somatically; and those that are influenced by 
the laboratory environment, including man’s manipula- 
tion. 
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WHAT NEED IS THERE FOR IMPROVED QUALITY 
IN ANIMALS USED IN RESEARCH? 


Scientific literature is richly endowed with the far- 
reaching biologic and medical discoveries of the past. 
These outstanding results were achieved by using the 
quality of animals of yesterday. In addition, we have all 
striven to obtain and, in time, have settled upon labora- 
tory animals that have performed satisfactorily, and, in 
our judgment, without complicating the outcome of our 
experiments. May we conclude, then, that the need 
for improved quality is not critical to more efficient 
research? We need only to remember that specifications 
for quality in animals change with newly acquired in- 
formation and skill. The last decade, especially the last 
5 years, has provided new information and skill pertain- 
ing to laboratory animals in phenomenal abundance. 

The era of more strictly descriptive biologic research 
has moved gradually into one of increasing quantitation 
with the evolution of finely developed techniques, de- 
vices, and materials. The accurate and sensitive elec- 
tronic instruments, the purity and precise definition of 
our chemical reagents, and the high degree of technical 
skill that exists in some areas of research using animals, 
have made the highly variable, and frequently unpre- 
dictable laboratory animals of yesterday, and some of 
today, archaic by comparison. More seriously, they are 
frequently the primary basis of poorly productive or in- 
efficient research today. 

In the planning of experiments, are we using the same 
judgment in deciding what the specifications for labora- 
tory animals must be to meet the quality of our research 
as we use in the selection of instruments and reagents? 
Animals, analogous to instruments, can display in- 
herently poor accuracy (great individual variability) ; 
poor sensitivity to a stimulus (a wide range of resistance 
or susceptibility); and can develop spontaneous defects 
that modify their accuracy and sensitivity. These modi- 
fiers are inherited defects, diseases due to microbial 
agents, parasites, neoplasms, malnutrition, environmen- 
tal stresses, and aging. 

The need is to reduce biological problems to simplest 
terms, a single cause-and-effect relationship. This is 
difficult to achieve in complex organisms, and, at best, 
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simplification generally includes several such relation- 
ships. Once fundamental relationships have been pains- 
takingly explored in animal populations of uniformly 
good quality (good sensitivity and accuracy), the com- 
plicating factors (spontaneous and induced), can then 
be added intentionally to evaluate their effect in the 
system. The anatomist and the physiologist would want 
an animal with an uncomplicated anatomy. The pa- 
thologists would want to avoid a complicated morbid 
anatomy. The microbiologist, particularly the virol- 
ogist, must guard against activating latent organisms in 
test animals, and so on from specialist to specialist. 

Is it not peculiar that where lower forms of life are 
used, we have become very exacting, but that, as we 
ascend the phylogenetic tree, we demand less and less 
quality in the organisms that we use? With the lower 
forms of plant and animal life, we have recognized and 
accepted the concept of type colonies or cultures having 
defined characteristics and reared under prescribed con- 
ditions. Ample evidence exists to support the need for 
such precise selection and care of bacterial, protozoan, 
algal, and tissue and cell cultures, as well as colonies of 
drosophila and mosquitoes. Use of these types of cul- 
tures has become commonplace, almost exclusive in 
some research. 

Some investigators have been compelled by the nature 
of their animal problems to take up the challenge to re- 
move one by one the handicaps to effective and pro- 
ductive biological research. They have used the past as 
a guidepost, not as a hitching post, and have moved 
ahead. Others have evolved a philosophic logic over the 
years to justify and support their use of laboratory 
animals that are “normal as nature intended them.” 
The truth is that the animals we are using are only as 
‘normal’? as we are able to produce and rear them, or 
as they are delivered to us by a commercial producer or 
dealer. 

Each producer of laboratory animals selects an already 
complex system that nature provides and embroiders 
upon it by using in varying degree practices of sanitation 
that limit or extend the introduction and spread of dis- 
eases; practices of breeding that produce shifts in the 
genetic characteristics of a colony; practices of nutrition 
that range from improper to adequate, and practices of 
care that range from inadequate to outstanding. All of 
these in concert have a bearing on how great an adjust- 
ment these animals need to make when they are used in 
the laboratory. 

What are some of the reasons offered for using animals 
‘‘as they are’ without the urgency to improve their 
quality? I shall present some statements that are com- 
monly made by competent investigators and in rebuttal 
offer some bases for justifying our serious consideration 
of animals of quality. 

Statement 1. I have used this strain, breed, or species of 
animal from one particular source throughout my work 
and it has proved satisfactory. I hesitate, and see no 
reason to change now. 

Discussion. If this is so, the investigator has the answer 
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to his animal needs. This statement, however, is par- 
ticularly disarming. It frequently, though unintention- 
ally, tells only part of the story. What does not appear 
in the statement are the trials and tribulations that were 
suffered by the investigator before locating the source of 
this animal that by comparison he found to be most 
satisfactory at the time. The memory of this sometimes 
traumatic experience may well give him pause to ven- 
ture a comparison of the animals he selected yesterday 
with the animals of improving quality that can be sup- 
plied or produced today. The increasing indispensa- 
bility that an investigator attaches to a particular colony 
of laboratory animals, as he derives more and more in- 
formation from them, is so different from his effort and 
willingness to improve and modify techniques and 
methods that also have produced vast quantities of data. 

Inefficiency due to malfunctioning animals can be 
subtle and too commonly is unmeasured. It can involve 
the death or illness of animals prior to experimentation, 
leaving behind for investigation a biased population of 
resistent survivors with some harboring latent infections, 
and morphologic and biochemical lesions of varying de- 
grees and types. Frequently the user of this group of 
animals is unaware of this history. 

Any concurrent loss of animals due to agents outside 
an experimental procedure, whether spectacular in 
number or not, requires that enough animals be added 
to an experiment to help mollify such a potential loss, 
It becomes evident that laboratory animals with fewer 
of these complications can be used in smaller numbers 
and increase the precision of biological work. 

Statement 2. Animals of better quality are more ex- 
pensive and less readily available. 

Discussion. This infers that the initial cost per animal 
is much greater, or that the cost of caring for an animal 
of improved quality is more. Actually, the purchase price 
of the best quality of mice and rats available commer- 
cially today is only a trifle more than that of the average 
quality. Anyone who has kept records of the cost of 
“conditioning” animals, especially dogs, cats, and rab- 
bits, finds any such savings in purchase price of animals 
of undefined quality quickly dissipated. Such ‘“‘condi- 
tioning” involves ridding the animals of parasites and 
giving prophylactic drugs, or vaccines. It involves wait- 
ing through a period of isolation until the incubation 
period of common illnesses, taking its toll of animals, 
has passed, and then waiting until the survivors attain 
a reasonably good body weight and appear to be well. 
Animals of good quality are free of many of these prob- 
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lems, and can be conditioned more quickly—and inex- 
pensively. The proper care for an outstanding group of 
laboratory animals is little, if any, more than it is for 
one of poor quality. When one considers the loss of time 
and effort of the investigator working with a malfunc- 
tioning animal, the proportional charges for the care of 
better animals are, in fact, less. Money expended in pro- 
ducing and caring for animals of improved quality be- 
comes a form of insurance for the successful outcome of 
experiments. 
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How would you calculate the dollar-value of losses 
like the following quoted from published articles in 
reputable journals? “About 350 days after the first 
exposure, the entire rat colony developed a pulmonary 
infection, which resulted in a number of deaths in both 
the irradiated animals and the controls and was re- 
sponsible for unusually rapid mortality at that time” (6). 
Some of these pulmonary infections such as viral bron- 
chiectasis in the rats are contracted within days after 
birth, but do not become apparent until later in life. 
Another investigator reported that comparisons in 
reticulocyte counts could not be made between the ex- 
perimental and the control animals because, ‘“There is 
some evidence that at least part of the rat colony was 
infected with Bartonella. Such an infection would ex- 
plain a high reticulocyte count. Under ‘normal’ (my 
own quotes) conditions a high reticulocyte count is the 
only sign of a Bartonella infection” (3). In an early at- 
tempt to adapt poliomyelitis virus to albino Swiss mice, 
signs appeared resembling those that, at first, were 
thought to be due to the poliomyelitus virus, but which 
were subsequently proved to be due to the activation 
of a latent lymphocytic choriomeningitic virus present 
in the colony (8). ““Many of the treated dogs died of 
pneumonia. ... Possibly many of the pound dogs used 
in these experiments had latent pulmonary infections” 
(7). What did such animals really cost the investigator? 

Statement 3. Since each individual of a species varies 
so much in itself, even between serially repeated trials 
in the same animal, how can any control of quality in 
animals be expected to decrease such individual varia- 
tion? 

Discussion. The use of an animal as its own control 
often arises from a need to limit the variability and 
individuality of response within a group of unselected 
animals of a species. It is inferred that the wide varia- 
tions are due for the most part to inherited and somatic 
characteristics. What we need, as mentioned above, 
are measurements to determine the role played by 
modifiers in the environment such as: prior medical 
history, state of health and nutrition, and also tempera- 
ture, light, and humidity. 

Statement 4. Much of the information resulting from 
experiments using animals is intended for use in under- 
standing better the biology of man. Because the human 
population is heir to various and sundry diseases, defects, 
and aberrations; then, laboratory animals, in order 
that they may serve as biological models for finding 
solutions to biological problems in man, must also in- 
clude in their population the diseases, defects, and ab- 
errations to which they are heir. This school concludes 
that it is indefensible to eliminate from a colony of 
animals, to the ultimate, all deviates and animals show- 
ing abnormal characteristics and attempt to use the 
resultant population of animals to solve broad human 
problems. 

Discussion. Are these investigators saying, for instance, 
that because the human population suffers a varying 
incidence of diseases X, Y, and Z in organ systems A, B, 
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and C, that a more representative population of labora- 
tory animal should also suffer a varying incidence of 
diseases in systems A, B, and C regardless of the fact 
that the diseases in the rats are caused by agents differ- 
ing from (with incidences differing from) and with 
natural histories and pathogenesis differing from dis- 
eases X, Y, and Z in man? 

The ultimate degree to which we may eliminate indi- 
viduality, deviates, and abnormal characteristics from 
any population of laboratory animals is but a gleam in 
the eyes of geneticists. A perusal of Gruneberg’s, “The 
Genetics of the Mouse”’ (5) provides more than adequate 
evidence to illustrate that modification of genetic pat- 
terns in these little animals by selection or by mutation 
is something like lifting the lid in Pandora’s Box. An 
amazing array of deviating characteristics can and does 
fall out along with the selected characteristics that may 
be more uniform. 

In defense of the view that individual variations in 
animal populations should not be minimized in all 
situations, consider the following: If one is using a 
mouse to test quantitatively for riboflavin, it would be 
advantageous to use animals that are as uniform in this 
characteristic as possible. Also the use of a uniform 
strain of animals would help simplify the investigation 
of how riboflavin functions in mammals generally. 
However, if one was investigating the riboflavin require- 
ments of mice as representative of mammals generally, 
one might get a wholly erroneous picture by using ani- 
mals with limited variability, such as inbred strains. 

Statement 5. I am just doing some very preliminary 
work, 

Discussion. This infers that the quality of the animal 
is relatively unimportant at the time and that these 
trials are likely to be an experience in the techniques 
involved. Large variability or poor reproducibility in 
preliminary tests many times influences the selection of 
methods and experimental design, and may also dis- 
courage the pursuance of an otherwise worth-while 
investigation. This investigator’s attitude suggests little 
consideration regarding the possibility of extending the 
preliminary trials into an investigation of some length 
and precision in which one would want to use the same 
strain and source of laboratory animals throughout for 
purposes of good comparisons and reproducibility. 

Can we afford to produce and house large numbers 
of animals so that those surviving or proved fit for use 
number enough to fill our requirements for animals in 
research? The increased cost to produce and to house 
animals and to provide good care, as well as the overall 
increased cost of research, imposes very compelling 
reasons for improving and controlling the quality of our 
laboratory animals. 


HOW HAS THE QUALITY OF LABORATORY 
ANIMALS BEEN IMPROVING? 


The quality of laboratory animals has been improving 
through a better understanding and selective manipula- 
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tion of the inheritable characteristics of animals and 
through the control and manipulation of the environ- 
ment. Interplay between these two sets of factors is the 
determinant in the individual variation displayed by an 
organism. As investigators, we recognize the need to 
select “‘species”” of animals that respond in some meas- 
urable way to experimental procedures. We also recog- 
nize the continuous need for colonies of animals whose 
genetic constitutions include great individual variation. 
Fewer of us have practiced the selection of reproducible 
genotypes within a particular species for use in experi- 
mentation. 

Experiments must deal with individuals or small 
samples of a population, yet provide representative ob- 
servations capable of application to whole populations. 
One useful means for separating and analyzing the 
factors that pertain to a given response is the control of 
individual variation in the expression of a particular 
characteristic within a strain, while permitting the full 
expression of variation between strains. Several methods 
for establishing such populations of laboratory animals 
have been devised, including selection with inbreeding 
(which involves 20 or more generations of brother to 
sister mating); and close breeding and the creation of 
homozygous strains through out-crossing. Individual 
variations expressed in a heterogeneous population have 
been used to create new inbred populations of animals 
expressing an individuality (a specifically selected 
characteristic or group of characteristics) for each strain, 
thus fixing such individuality. Such ‘‘fixed”’ individuality 
expressed by inbred strains has been used in mammalian 
genetics, in separating the factors that contribute to 
resistance to disease, in cancer research, in nutritional 
‘research, and in dental caries work. Various inbred 
strains have been suggested as hematologic test animals 
for biologic preparations because strain differences in 
blood constituents have been noted. Strain differences 
in chemical metabolism may serve to test drugs and 
offer possibilities for investigations on metabolic path- 
ways. 

The quality of laboratory animals is improving 
through the practice of selective genetic control and 
manipulation. Several specifically characterized inbred 
strains of mice are now available commercially in this 
country. The production of laboratory animals (inbred 
or not) by truly randomized mating has become another 
controllable practice to minimize the drift from an es- 
tablished genetic constitution in a colony. 

A second outstanding means for improving quality 
has been the production of millions of mice and rats 
freed of specific microorganisms and internal and ex- 
ternal parasites by Caesarian-derived colonization. Com- 
mercial producers are breeding such animals and making 
them available in numbers that should soon be able to 
meet the needs of research. Various laboratories and 
institutions in this country and abroad are producing 
such animals for their own use. The other common 
species of laboratory animals commercially available in 
substantial numbers have not yet begun to reach this 
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quality, although various laboratories in the United 
States and abroad have found it well worth their time 
and effort to produce colonies of Caesarian-derived 
guinea pigs, dogs, and other species for their own re- 
search. 

Breeding colonies of animals freed of many disease- 
causing agents are started with litters derived by Cae- 
sarian section from conventional mothers, and suckled 
on germfree mothers, or reared entirely as orphans on 
sterilized semisynthetic diets. 

The notable difference between a conventional and a 
Caesarian-derived colony is not a difference in genetic 
manipulation, since both can be, and very frequently are, 
started with a limited sample of the gene pool from its 
original stock represented by a limited number of breed- 
ing pairs. In neither case would the precise genetic 
constitution be predictable. The difference is in the 
elimination of some microorganisms and macro-para- 
sites from the Caesarian-derived stock. Any known 
disease-causing agents that do not pass through the 
maternal placenta to an embryo can theoretically be 
left behind when full-term fetuses are removed sterily in 
relatively inexpensive equipment and with a simply 
executed technique to an environment freed of these 
same agents (4). 

All biological estimations must be carried out in the 
face of large error due to animal variation. Why, then, 
risk making the error still larger by using a more compli- 
cated organism than is necessary, and which can give 
rise to unforeseen and unaccountable deviations? Ani- 
mals from Caesarian-derived colonies provide us with 
a less complicated and, therefore, more reliable organism 
for research. 

In addition to the control of individual variability 
through genetic manipulation, and of variability due to 
disease through Caesarian-derived colonization, the 
quality of laboratory animals has been improving 
through the control of somatic and functional variation 
by standardization and availability of adequate diets; 
through the control of individual and group response; 
by more knowledgeable manipulation of the physical 
environment (ventilation, humidity, temperature, hous- 
ing, light, and sound); and through the control of indi- 
vidual and group response by considered manipulation 
of the biclogical environment (selected animal grouping, 
population dynamics, vastly improved animal care pro- 
cedures, and considerate handling and restraint) (1). 





ONCE ACHIEVED, HOW MAY IMPROVED *“SQUALITY”’ IN LAB- 
ORATORY ANIMALS BE MAINTAINED AND REINFORCED? 
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Quality control is a means of measuring the degree to 
which prescribed specifications are attained and main- 
tained. Controls are established, depending upon the 
characteristics and quality desired. 

If the characteristics to be controlled are genetically 
bound, breeding practices and breeding records must be 
rigidly set and kept. Even so, the problems of genetic 
drift and mutation lurk in each colony of animals. 
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Several quality control techniques are practiced to 
measure the maintenance of certain characteristics in 
inbred strains of animals. Isografting, the successful 
grafting of skin from one animal of an inbred strain to 
another of the same inbred strain, has been used to 
indicate continuing ‘“‘sureness’’ of the strain. The uni- 
form ability of an inbred strain to support growth of 
specific tumor transplants, the uniform degree of suscep- 
tibility to a specific pathogenic organism, and the uni- 
form degree of incidence of a specific spontaneous tumor 
are all measurements for the control of quality. 

If the quality to be maintained is related to freedom 
from certain disease agents, a breeding population 
must be sampled regularly to reassure the continuing 
absence of these agents. For example, mice are examined 
for the organisms of ectromelia and salmonellosis; and 
rats are studied for the incidence of pleuropneumonia- 
like organisms, or for the virus of enzootic bronchiectasis. 
Animals from a Caesarian-derived colony are susceptible 
to the common pathogens, and experience with placing 
these animals in the same room, but on separate racks 
with conventional animals, has demonstrated that 
they are not unusually susceptible, but will slowly become 
reinfected and reinfested when exposed under conditions 
of good sanitation. All mortalities and illnesses should 
be examined for cause. Examination and culturing re- 
tired animals in any breeding colony provide good 
measurements of the incidence of agents of chronic dis- 
ease. 

Once certain disease agents have been eliminated 
from a colony, there must be a sound, fully routinized 
program to keep them out. All new arrivals must be 
isolated. The care of the animals will require strict ad- 
herence to a standard routine of feeding, watering, sani- 
tation, and a control of incoming personnel, equipment, 
and supplies. This is not a simple matter, but it is not 
formidable. The methods are known and practical (2). 
The results of a research effort will reflect this attention 
to animal needs. 

Multiple small breeding rooms, as well as small 
experimental rooms with unit care and management, 
will increase efficiency of operation and effectiveness in 
the control of quality. 
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In summary, we can conclude that we now possess 
the “know-how” to produce laboratory animals of 
greatly improved quality for executing more effective 
biological and medical research. For example, we can 
minimize genetic “drift”? in an established colony by 
practicing truly randomized mating. We can produce 
or obtain commercially inbred strains of mice that re- 
spond more accurately (lessened individual variability) ; 
more sensitively (narrowed range of responsiveness, 
resistance or susceptibility) within a particular strain; 
and that express a wide range of individual variability 
and sensitivity between and among strains. These useful 
qualities also have been developed through selection in 
a limited number of other species of mammals. 

With increasing ease and with reasonable cost, we 
can produce or purchase from reliable commercial 
sources, animals freed of specific disease-causing agents 
which otherwise modify unpredictably the sensitivity 
and accuracy of our taboratory animals. The nutritional 
requirements for our common species of laboratory 
animals have been defined adequately so as to permit 
the feeding of standardized diets (natural, semisynthetic, 
and synthetic), which are milled commercially, or can 
be compounded by investigators from commercially 
obtainable ingredients. We are learning to recognize and 
to control increasing numbers of agents in the laboratory 
environment, such as light, humidity, and ventilation 
that modify the accuracy and sensitivity of response. 

The continued and reinforced control of the greatly 
improved quality of laboratory animals by trained and 
practiced animal caretakers, animal technicians, and by 
informed investigators already has begun to reflect in 
the efficiency, reproducibility, and productivity of bio- 
logical and medical research. 

We cannot enjoy the luxury of observing one variable 
or characteristic in a living organism, while allowing 
others to change in what we hope is a random fashion. 
We have to discover all relevant variables and submit 
them to experimental control, whenever possible. I 
suggest that our determined use of laboratory animals 
of controlled quality will serve to bring closer this neces- 
sary goal. 
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Laboratory animal caretaker training 
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; ARE AT LEAST FOUR IMPORTANT parameters in 
animal experimentation. First, the animals available for 
experimental use; second, the facilities for their care; 
third, the quality of the personnel who care for the 
animals; and, finally, the nature of the experiment 
itself. Other members of this Symposium have discussed 
various aspects of these parameters. It is my task to 
discuss the third, another aspect which can contribute 
to the quality of animal experimentation, increasing 
the knowledge and competence of the animal! caretaker. 

The constantly increasing use of experimental animals 
in the United States is awakening an interest in the 
proper care of these animals. This Symposium is a case 
in point. While exact information is not available on 
animal usage in the United States, I may not be far 
from right in suggesting that the United States uses more 
laboratory animals than the rest of the world combined. 
For instance, one commercial producer of laboratory 
mice within 30 miles of New York City produces more 
mice than are used for all purposes in Great Britain. 

This awakening interest in animal care has led to the 
realization that proper care is essential in animal experi- 
mentation and that it is no longer a profession for un- 
skilled workers; but, rather, that the intelligence and 
knowledge and skill of the animal caretaker must be 
equivalent to that of the other technical personnel on the 
research team. There is also increasing realization that 
the laboratory animal is a major source of uncontrolled 
variables in biological experimentation. Development of 
Caesarian derived animals, free of the common in- 
fectious diseases, has resulted in a re-evaluation of some 
traditional base lines in biological research. The realiza- 
tion that such factors as diet, temperature and humidity, 
cage sizes, amount of exercise, and other factors related 
to the well being of the experimental animal can sig- 
nificantly affect research has led to the upgrading of our 
animal facilities and to the realization of the need for 
better caretakers. 

The broad subject of animal care personnel can be 
divided into three areas. One is concerned with the care 
of the animal while actually under experiment. Here 
the requirements of the investigator are paramount and 
his technical staff are directly concerned. Another area 
is concerned with animal care at the professional level. 
Dr. Clarkson has discussed training programs designed 
to provide this technical competence. I will discuss the 
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third area, designed to increase the competence of the 
non-professional animal caretaker. 

Any consideration of technical training for animal 
caretakers must necessarily refer to the British ex- 
perience. In Great Britain, an Animal Technicians’ 
Association was organized about 11 years ago. This 
group composed of animal caretakers has established 
training and certification plans administered by the 
Association and carried out with the cooperation of 
academic institutions and investigators in Great Britain, 
(1) Courses with regularly scheduled classes are held in 
the major cities. At intervals the Association holds 
examinations for the various levels of certification and 
issues certificates to those candidates successfully com- 
pleting its examinations. At the present time, there are 
about 1,500-2,000 animal technicians in Great Britain, 
of whom about 40 % hold at least one of the Association’s 
certificates. A cursory inspection of employment notices 
in British scientific journals indicates that in many 
instances employment notices stipulate possession of an 
ATA certificate as a condition of employment. In Table 
1 are shown the results of the various certifying ex- 
aminations held in Great Britan over the past 10 years 
(personal communication). 

The British system has attained one of the objectives 
of the United States program. Today a certified animal 
technician in Great Britain receives a salary practically 
equivalent to the salary of a laboratory technician, and 
his prestige in the scientific community is equal to that 
of the laboratory technician’s. In fact, I am told that not 
infrequently a laboratory technician will transfer to the 
animal technician field because of his interest in animals 
and because he suffers no loss of salary or prestige. This 
is certainly not the case in the United States at the 
present time. 

For a number of years the Institute of Laboratory 
Animal Resources and The Animal Care Panel have had 
education committees studying and promoting the 
education of animal caretakers. A number of courses 
for training in laboratory animal care have been offered, 
both within and outside the ILAR-Animal Care Panel 
programs. 

Among these are the two nation-wide courses for 
animal caretakers given at Berg Institute, courses at 
Roswell Park, and those given by Dr. Bennett Cohen at 
the University of California at Los Angeles. The philos- 
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TABLE I 

Examinations Candidates Passed 
Preliminary exams 6 132 108 
Associate exams 14 236 144 
Fellowship exams 3 25 9 


ophy of these courses has been that the mechanics of 
animal care can be taught on the job but that the basic 
biological background essential for proper understanding 
of laboratory animals and their care should be provided 
by these courses. The majority of these lectures are given 
by animal supervisors, veterinarians, and other scientists 
on such topics as anatomy, physiology, genetics and 
breeding, sanitation and hygiene, animal disease and its 
control, and similar subjects related to animal care. In 
all cases emphasis is placed on the relation of the subject 
matter to animal care and its practices. 

It soon became obvious that courses in different 
localities differed in content of instruction and aim. The 
education committees of the ILAR and the Animal Care 
Panel, therefore, recommended the establishment of a 
certification program for animal technicians. Such a 
group, the Animal Technicians’ Certifying Board, was 
established last year by action of the Board of Directors 
of the Animal Care Panel. The board has the following 
objectives: a) To establish levels of competence of 
animal care; 6) to establish and conduct certifying 
examinations for animal technicians; c) to issue 
certificates to qualified candidates in the name of the 
Animal Care Panel; and d) to aid in the establishment 
of training programs designed to prepare candidates for 
the certifying examination. 

Detailed qualifications have not been prepared for 
all categories, but the Board has established the following 
three levels of competence: Junior Animal Caretaker, 
Senior Animal Caretaker, and Supervisor. 

In collaboration with a number of technicians and 
supervisors, it was decided that a Junior Caretaker 
should possess a knowledge of the following subjects: 

1) Feeding and watering of animals; cleaning of cages 
and equipment. 

2) Animal handling and its tools. 

3) General and personal safety in the animal house. 
4) Personal and animal hygiene. 

5) Elementary scientific vocabulary. 

6) Basic biology (anatomy and physiology). 

7) Recognition of the clinical signs of common diseases 
of animals. 

8) Animal sexing, gestation periods, and weaning 
ages. 

9) Simple record keeping and animal identification 
methods. 

10) Basic principles of experimental design. 

11) Sanitation and disinfection. 

12) Pest recognition and control. 

13) Humane euthanasia. 

14) The caretaker’s responsibility to animals and to 
investigators. 

The Senior Animal Caretaker should be expected to 
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possess a More extensive knowledge in all of the above 
points and, in addition, knowledge in the following 
areas: 

1) Basic work plans and work schedules. 

2) Administration of drugs under supervision. 

3) Elementary laboratory procedures (fecal examina- 
tions and gross autopsies). 

4) Animal nutrition, including the preparation of 
special diets. 

5) Elementary genetics and animal breeding. 

6) Elementary surgical procedures and bleeding. 

7) Record keeping and administrative procedures. 

Supervisor is the highest certificate offered. These 
are for individuals who can carry on the day-to-day 
operation of an animal house, under the policies es- 
tablished by the professional director. Their knowledge 
in all of these fields should be so extensive that they can 
teach the subjects to Junior and Senior Caretakers. In 
addition they should be competent in the following: 

1) Purchasing of animals, supplies, and equipment for 
the animal house. 

2) Laboratory procedures, including parasitological 
examinations, necropsy of animals, and procurement of 
tissues for histopathology, and elementary bacterio- 
logical culture techniques. 

3) Surgical procedures, including preparation of 
surgical equipment, supplies and apparatus, and 
sufficient knowledge to act as a surgical assistant. 

4) Administration in the animal house, including 
bookkeeping and cost accounting. 

5) Fundamentals of cage design and facility design 
and construction. 

6) Experience in research projects. 

A number of courses are now in progress or have 
just been completed designed to prepare Junior Tech- 
nician candidates for the certifying examination. In the 
majority of instances, these courses have been sponsored 
by local branches of the Animal Care Panel. Courses 
have been or are being given by the Metropolitan, New 
York, branch; the Madison, Wisconsin, branch; the 
Philadelphia branch; the Southern California and the 
Northern California branches; and are planned soon for 
the Boston branch. In addition to these courses sponsored 
by local branches, courses for Animal Technician 
Training have been given in Washington, D.C., and at 
Roswell Park in Buffalo, N.Y. 

The Metropolitan New York branch has established 
an educational committee to whom inquiries for in- 
formation on courses, course outlines, and examination 
for Junior Technician can be addressed. The chairman 
of the committee is Alfred Havemeier, Berg Institute, 
N.Y.U. Medical Center, 550 First Avenue, New York 
16, N.Y. 

At the international level, the International Com- 
mittee for Laboratory Animals (Dr. Lane-Petter, 
Laboratory Animals Centre, M.R.C. Laboratories, 
Woodmansterne Road, Carshalton, Surrey, England) 
has prepared outlines of courses for animal caretakers. 
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There is one major difficulty with the 
outlined. Emphasis is placed on a well-rounded educa- 
tion in all aspects of animal care. In some institutions, 
commercial breeding 


program 


however, and particularly in 
institutions, there are highly competent caretakers who 
have no experience with species other than the one being 
bred, and who have no opportunity to obtain such 
experience. While this difficulty is more apparent than 
real at the level of Junior and Senior Technicizx., it 
does become significant at the Supervisor level, because 
the latter is an individual qualified to operate a large 
animal facility with numerous species. The Certifying 
Board is aware of this difficulty and is attem: ing to 
find a solution. 

In summary, an integrated program now exists here 
for training animal caretakers. A certifying program as 
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been established, under the auspices of the Animal Care 
Panel, and courses are being offered to prepare candi- 
dates for certification. These programs should result in 
the recognition of animal care as a desirable career and 
should afford a means to significantly improve our 
standards of care within the next few years. 

For those interested in training courses for caretakers, 
I would suggest that they contact the nearest local 
branch of the Animal Care Panel or the secretary of 
the National organization, Dr. Robert J. Flynn, Division 
of Biological and Medical Research, Argonne National 
Laboratory, P.O. Box 299, Lemont, Ill. Inquiries 
regarding the certification program can be addressed to 
Dr. L. R. Christensen, chairman, Animal Care Panel, 
Technicians’ Certifying Board, Berg Institute, N.Y.U, 
Medical Center, 550 First Avenue, New York 16, N.Y. 
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Graduate and professional training in 


laboratory animal medicine 


THOMAS B. CLARKSON 


Bowman Gray School of Medicine of Wake Forest College, Winston-Salem, North Carolina 


: EVOLUTION OF LABORATORY ANIMAL MEDICINE in 
the United States was recently reviewed by Cohen (1). 
It is of interest to note that laboratory animal medicine 
is perhaps the newest of the areas of specialization in 
veterinary medicine. The development of laboratory 
animal medicine in the United States began in 1850 and 
increased impetus in its growth began about 1945, 
when a significant number of medical schools and 
research laboratories employed veterinarians. In 
Chicago, for example, the University of Chicago, 
Northwestern University, the University of Illinois, and 
the Hektoen Institute for Medical Research employed 
veterinarians at this time. It soon became apparent 
that the veterinarian contributes significantly to the 
solution of many problems in the realm of laboratory 
animal biology. 

Since that time, the concept of laboratory animal care 
has become one that is much more complex than merely 
“caring for the animals” (2). The purpose of this paper 
is to describe the current status of graduate and pro- 
fessional training in laboratory animal medicine. 

The objective of currently available training programs 
in laboratory animal medicine is to provide individuals 
capable of establishing laboratory animal medical units 
primarily in medical school situations. In order to 
describe their training, it is necessary that we define 
the role of the laboratory animal veterinarian in an 
academic institution. The most important roles of the 
veterinarian are: 

1) To represent veterinary medicine as a discipline 
in the academic community. The activities in this area 
involve consultations with research investigators on the 
selection of the proper animal species for a given experi- 
ment, advice on the spontaneous diseases of the par- 
ticular species that might complicate results, suggestions 
for inducing various disease states, and aid with the 
interpretation of experimental animal data. 

2) To establish and maintain standards of husbandry 
services. These activities involve training of husbandry 
personnel, control and standardization of laboratory 
animal diets, use of proper bedding materials, establish- 
ment of efficient and accurate breeding methods, 
Provision for adequate physical environment and 
maximum standards of sanitation. 
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3) To establish and maintain those clinical services 
that are needed to expedite animal experimentation in 
the institution. This area involves examination, im- 
munization and treatment of incoming animals and 
those being held on long-term experiments, maintenance 
of animal blood banks, care of animals in the post- 
operative period, and necropsy services. 

4) To serve as an administrator for the unit. This 
concerns maintaining files on sources of animals, pro- 
curement of animals, and assignment of space for their 
housing, control of budgetary matters, and personnel 
management. 

5) To participate and encourage research in laboratory 
animal medicine. This might well include a search for 
laboratory animal diseases resembling human disease, 
problems that might be used as experimental tools, or 
experimental programs designed to elucidate the 
physiological reactions of the laboratory animal to its 
environment. 

6) To offer instruction in techniques of animal experi- 
mentation. If the experimental animal unit is to be a 
part of an academic institution, it is important that the 
veterinarian be competent in the techniques and philos- 
ophy of teaching. This instruction might take the form 
of a formal graduate school course, or be quite informal 
and involve the instruction of individual technicians or 
research investigators. 

The training program at the Bowman Gray School of 
Medicine is one of increasing responsibility under 
supervision. Fellows for this program are chosen from 
graduates of schools of veterinary medicine on the basis 
of a) past academic record; 6) interest in research and 
an academic career; ¢) aptitude for laboratory animal 
medicine; and d) ability to integrate himself for group 
work. Each Fellow is appointed for a period of 2 years. 

During the 2 years of training, the Fellow spends 
about one-half of his time in the vivarium and the 
remainder is divided among four academic departments 
of the Medical School. During his half time in the 
vivarium, he is given experience in the medical treat- 
ment of all species of laboratory animals, the operation 
of a postoperative recovery room, the operation of a 
quarantine receiving room, the operation of a necropsy 
laboratory, the operation of a canine and ovine blood 
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bank, and the problems of vivarium administration. 
Regularly scheduled conferences are heid in which the 
special anatomy and physiology of the laboratory animal 
is discussed. Spontaneous diseases of laboratory animals 
are reviewed, and methods for the production of experi- 
mentally induced diseases are discussed in detail. 

Approximately half of the Fellow’s time during the 
first year of training is spent in the experimental animal 
surgery laboratories of the Department of Surgery. 
During this time, the trainee is expected to gain ad- 
vanced knowledge of surgical techniques, an apprecia- 
tion for surgical research, and a more thorough under- 
standing of the care of the animal during the immediate 
postoperative period. 

During the next 6 months, he spends nearly full time 
in the necropsy laboratory. Gross and microscopic 
studies are done on all animals dying in the vivarium 
and, in addition, exercises are done in experimental 
pathology. 

During the last 6 months, the Fellow spends approxi- 
mately half of his time participating in the research 
activities of the Departments of Physiology and Micro- 
biology. The object here is to acquaint him with the 
techniques and concepts of research in these areas. 

In addition to this formal training, he is encouraged 
to do research on a problem of his own choosing in 
collaboration with a member of the faculty who, the 
program director feels, will give the Fellow good insight 
into the techniques and philosophy of research. 

The training program in laboratory animal medicine 
at the University of California at Los Angeles, under 
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the direction of Dr. Bennett J. Cohen, resembles the 
Bowman Gray program in many respects. The U.C.L.A, 
program places somewhat more emphasis on research 
and somewhat less emphasis on clinical laboratory 
animal medicine. In this program, the trainees spend 
2 years in training. Fifty per cent of their time is spent 
in research and course work and the rest in professional 
apprentice training. This program offers a fine op- 
portunity not only to train academically oriented 
veterinarians in research, but also to develop an inte- 
grated program in environmental physiology, with 
specific reference to the laboratory animal environment. 
A wide range of courses are available at U.C.L.A. for 
the didactic instruction of these Fellows. Courses are 
chosen jointly by the trainee and the program director. 
In addition to formal courses, seminars are held at 
least twice weekly to discuss problems in the field. 

Professional apprentice training at U.C.L.A. in- 
volves postoperative care of laboratory animals, main- 
tenance of canine blood banks, breeding of animals, 
training of animal care technicians, necropsy laboratory 
procedures, and discussions of the design of animal 
quarters. 

In summary, we should emphasize that it is important 
that the laboratory animal veterinarian be trained to 
organize independently a program of teaching, research, 
and animal care. Post-doctoral programs for training 
such individuals are now available at the Bowman Gray 
School of Medicine of Wake Forest College and _ the 
University of California at Los Angeles. 
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Housing for research dogs 


N. R. BREWER 


University of Chicago, Chicago, and Argonne National Laboratories, Argonne, Illinois 


iia STUDIES ARE NEEDED Offering good evidence 
as to what constitutes optimum conditions of housing 
for the purposes for which most dogs are kept in re- 
search laboratories. The literature is barren of informa- 
tion based on such studies, and there is probably more 
disagreement as to what represents optimum facilities 
and care for the dog than exists for any other laboratory 
animal. 

Most of the disagreement centers around the question 
of need for out-of-cage exercise. Is it good management 
to house dogs in cages for long periods of time? Is the 
construction of individual pens and runs justifiable, 
especially in an urban area? Should outdoor runs be 
recommended? Should dogs be housed in groups in 
pens? 

Because there is so little in the literature, I tried to 
obtain some information through the medium of a 
questionnaire. They were sent to the physiology and 
surgery departments of 98 medical schools in_ this 
country and in Canada, and to the membership of the 
American Board of Laboratory Animal Medicine. 
Replies were received from 89 of the 98 medical schools, 
agi % return. From some institutions three replies were 
received. From other institutions only one reply was 
received with the advice that it was representative of 
the whole institution. Because of this, the replies were 
assembled and treated as though each institution an- 
swered but once. 

The replies indicated that 17 institutions used only 
cages, that four used only pens, and that 68 used both. 
The questionnaire asked for a listing of the advantages 
or disadvantages of cages and pens. The semantics used 
in the replies was not uniform, but there was general 
agreement. 

The main advantages cited for housing in pens were: 
1) More space is allowed for exercise; 2) the dogs seem 
more calm, and bark less (when housed in groups); 
3) the animals and the quarters can be kept cleaner at 
less cost; 4) there seems to be a lower incidence of skin 
disorders; and, 5) dogs are in better condition for 
operative procedure. 

Some of the comments stressing the advantages of 
l.aintaining dogs in pens are presented: 

“Twenty-four hours after surgery, dogs placed in 
pens recover from surgery with less difficulty.” 

“We find these dogs do better over in the holding 
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area where they have sunlight, air, adequate runs 
[than they do in cages] and the general well-being of the 
dog seems to be better under these circumstances.” 

“We have found that collies, in particular, lose 
weight and generally do poorly in cages, but do well in 
runs. Most of our postoperative feeding problems can be 
corrected if allowed an exercise period daily before 
feeding. In some of our cardiac studies, survival after 
the first 24 hours was correlated with out-of-cage exercise. 
Many of our long-term caged dogs develop atrophy of 
the muscles of the hind legs and difficulty in walking. 
Many long-term caged dogs develop abnormal behavior 
traits which can be reduced by daily exercise periods. 
This is especially true of puppies. Weight gains in many 
operated dogs can be correlated with daily exercise.” 

“If we had to choose between pens and cages for 
long-term animal care... our preference would be for 
individual pens. ... Cages are inadequate for chronic 
experiments. We have found deterioration of animals 
maintained in cages for several months.” 

‘Dogs in cages are less normal, less healthy, and less 
happy than dogs who have freedom of movement. While 
it is possible for caged animals to be let out for exercise 
by a caretaker, it is simpler and surer to let the dogs 
exercise themselves.” 

“A colleague studying muscle power found caged 
animals unsuitable because the loss of muscle power in 
the chronically caged animal obscured the possible drug 
effect being studied.” 

‘An area of 10 by 12 ft can accommodate up to 10 
dogs (depending on size), which would make 12 sq ft 
per dog. Most dogs are gregarious and remain healthier 
and happier in such quarters. They do very little barking 
compared with individually isolated animals and there- 
fore debarking is not required even when in proximity 
to a hospital. It is necessary that good identification 
procedures be followed, it is best that the sexes be 
separated, and the occasional fighter must be watched 
a 

“Tt is our feeling that many factors tend to produce 
atelectasis in the...dog, [and that] the amount of 
exercise that it has before the study is [possibly] an 
important factor. In some work on_ experimental 
pulmonary edema we noted on microscopic examination 
that there was more atelectasis than could be accounted 
for by the experimental procedure. When we were able 
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to exercise the dog for a day or two preceding the 
experiment, it was our impression that the atelectasis 
did not occur or was minor.” 

The main advantages cited for the cage-housing of 
dogs are: 7) Isolation is a necessity for many experi- 
mental! procedures, such as metabolism studies; 2) there 
is a conservation of space and, therefore, more eco- 
nomical housing; 3) animals are protected from injury, 
or even death, from other dogs; 4) the control of para- 
sitism and of infectious diseases is made less difficult; 
5) feeding, handling, and control are simplified; weaker 
dogs obtain food they might not have obtained in 
competition; and, 6) it is easier to identify and keep 
track of the animals. 

Some of the comments supporting the advantages of 
housing dogs in cages are presented: 

“The animals eat and grow better when they can 
receive personal attention from an attendant who 
cleans the individual cages and feeds the animals daily. 
The animals themselves are better adjusted in individual 
cages.” 

“We have had long experience in the housing of 
dogs in cages and some with animals in runways on a 
farm .. . if dogs must be confined at all, they fare much 
better in cages than in runways... . The choice between 
the two... is primarily a matter of the psychological 
state of the viewer.” 

‘The animals that we have maintained in cages alone 
for periods as long as 3~4 years have remained appar- 
ently healthy and contented with no change in their 
disposition.” 

.. dogs are kept in pens but... we do not have 
enough pens to keep [each dog in a separate pen]. In 
the plans for a new dog kennel, arrangements are made 
for individual cages for all dogs.” 

.. dogs confined to cages for many years appear 
to be healthy, both physically and_ psychologically. 
When released from the cages for brief periods of ex- 
amination and exercise, they appear to be unchanged 
in their attitude to the handlers and other personnel.” 

“The well-being of animals is influenced very little 
by the method of housing, but is dependent more upon 
the care given the animal. . . . For purposes of research, 
housing in cages is much more preferable.” 

‘Dogs in cages for years seem to maintain good health 
without necessarily getting periodic running exercise. 
I have the untested impression, however, that caged 
dogs do better if allowed to run briefly daily.” 

‘‘We have had individual cages for dogs for a period 
of 10 years and up to the present time have experienced 


no difficulty....We do have a runway... for... ex- 
ercising the dogs... .” 
“|. The healthiest dogs I have ever seen had lived 


for over 10 years in metabolism cages. We recently 
scrapped a set of runway pens due to servicing prob- 


Seen) 534! 
**.. Research animals are too precious to be housed 
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except individually, and we have had no difficulties on 
this score.” 

“T have dogs that have lived a cage life for 9 years 
and are in perfect condition.” 
~ “Frequently the type of experimental work to be done 
requires isolation and cages. Only rarely does it require 
social grouping of dogs... and pens. The animals are 
equally healthy and happy in either environment.” 

There is no agreement, even ameng those who have 
worked with dogs for years, regarding proper housing 
for dogs. There are very strong opinions for and against 
caging. I have the untested impression that the con- 
struction of the cage, run, or pen is more important to 
good management than whether or not it is a cage, run, 
or pen. It should be of adequate size for the animal, 
and of such design that the animal caretaker can spend 
a greater proportion of his time caring for the animal 
than in policing the quarters. 

The untested impression that dogs in small compatible 
groups in pens are better prepared for many experimental 
procedures than are dogs in cages or in individual pens 
has some support from work with other species. Allee (1) 
has accumulated evidence showing that animals, 
whether they be protozoa, insects, fish, mice, or bison, 
have an optimum population density that is most 
favorable for growth, reproduction, or wound healing, 
and that this is usually somewhat higher than the 
theoretical minimum of two. It would be of value to 
determine the optimum population density per 100 sq 
ft for dogs in the research laboratory. 

There are a significant number of qualified scientists 
who have testified that dogs have lived for years in 
cages, and have remained in apparent perfect health. 
Their testimony cannot be ignored. Such cumulative 
widespread experience is strong evidence that dogs can 
do well in cages. But that is not to say that any one dog 
could remain in good health if it had to spend long 
periods of time within the confines of a cage. Some dogs 
are able to accept confinement and restraint calmly, 
while others do not have this ability. According to 
DuBois (3) there is a difference in this respect among 
breeds, within breed populations, and even among 
littermates. However, the inability of some dogs to 
accept cage confinement tends to disappear and can be 
prevented by daily out-of-cage exercise periods. 

Exercise, or lack of exercise, does affect many body 
tissues (2, 4). But the relative importance of exercise, 
even to dogs that are able to accept confinement, is not 
known. There are many untested impressions that 
exercise-conditioned dogs are better able to survive 
operative procedures. 

For best management practices, it is probable that 
both pens and cages should be provided in a good 
animal quarters facility in a medical school or a teaching 
hospital. The optimum relative numbers and sizes of 
these units would depend on the answers to many 
questions that research should provide. 
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Space requirements in the design of facilities 


for the small animal species 


W. T. S. THORP 
College of Veterinary Medicine, University of Minnesota, St. Paul, Minnesota 


Wy en I SENT THE OUTLINE of this paper to Dr. Cohen, 
I became intrigued with the idea that apparently many 
words have been written and much has been said on the 
subject of space for small laboratory animals. In all 
apology to the intent of this Symposium, I am going 
to deviate a bit by not going very deeply into what I 
think, or others may think, regarding the specificities of 
necessary space for small laboratory animals. 

We who are interested in the care of laboratory 
animals are gratified that the basic tool of much bio- 
logical research—the laboratory animal—is now re- 
ceiving due consideration by those whose investigations 
depend upon their use. 

It is unfortunate that this type of discussion is, in 
reality, a rare thing and that the impetus to promulgate 
such a Symposium is due, I fear, to the adverse stimulus 
of the threat to the freedom of biological research. 


DISCUSSION 


The planning and operation of animal facilities is 
governed by many factors. Although one may have 
worked with and observed many of the animal facilities 
and space used for the small experimental animals, to 
make a recommendation on the space requirements 
for all of these species that would fit all situations, in 
all institutions, would be impossible and impractical. 
Any suggestions made should be considered as guide- 
lines, and should be modified to suit the local needs. As 
many of you know, the entire planning and problem of 
necessary space for experimental animals usually resolves 
itself into a compromise and adjustment to the desires 
of the various interested research groups. 

The average experimental animal room for the smaller 
species ranges from 200-300 sq ft. The design of such 
facilities brings itself down to the purpose of the experi- 
ment which requires these animals. The number of 
mice per cage, as an example. Are there to be a large 
number to a cage, or one or two? Are they to be used for 
infectious disease work? This makes a considerable 
difference in the planning of necessary space. There are 
no figures available to my knowledge, other than those 
based on a study made some time ago at the National 
Institutes of Health (7). These estimates should, per- 
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haps, be re-evaluated in the light of newer methods and 
developments. 


Estimated Net*®* Square Feet of Experimental Animal 


Room Space 
Mice 7 per sq ft 
Guinea pigs 2 per sq ft 
Rats 5 per sq ft 
Rabbits I per 2 sq ft 


Estimates for Anticipated Production from 
a Breeding Colony 


Mice At rate of 50 per net sq ft annually 
Guinea pigs At rate of 2 per net sq ft annually 
Rats At rate of 1 per net sq ft annually 
Rabbits At rate of 10 per net sq ft annually 


* Net space does not include corridors, vestibules, and storage. 


The room size, if possible, should be limited to the 
animal capacity that one attendant can routinely take 
care of. This procedure will vary considerably in all 
research laboratories. It is best, if at all possible, to 
house one species, or strain, in a room. Rooms should 
be arranged off a corridor in such a way that traffic of 
materials and personnel should not have to pass through 
one animal room to gain access to another. Quarantine 
rooms for new shipments of animals will minimize the 
possibility of introducing any new infection into a colony. 

The shape of an anima! room relative to the space 
between racks and cages is, again, dependent upon the 
use. If it is primarily a production colony requiring the 
usual care and record keeping, less space is necessary. 
If it is an experimental colony, and there is considerable 
record keeping, treating, securing blood and examina- 
tion of animals, then it will be necessary to provide 
more space as a working area and, in many instances, 
special facilities and equipment. 

The square room has been used for production, as 
well as a long narrow room. Both appear to be equally 
satisfactory. If the racks are fixed to the wall, then it is 
important that the room be built in such a way as to 
obtain maximum wall space available for racks and 
shelves; thus, favoring the long narrow room. If the 
cages are on racks, and are removed periodically for 
cleaning, then enough space should be allowed for the 
traffic of material and equipment. Usually buildings are 
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built to a module, or bay, of a certain size, and, it has 
been my observation that in most instances in newer 
facilities, these rooms work out satisfactorily as animal 
rooms if properly equipped and air conditioned. 

The location of the animal facility in the building 
will make some difference in the size and space neces- 
sary for actual housing. Housing of animals in a separate 
facility for an entire institution will not make it necessary 
to provide as much space for feed, equipment, and other 
supplies immediately adjacent to the animal room. 
Scattering of animal rooms throughout an institution by 
departments will increase the auxiliary, or supporting 
space, relative to the actual caging of the small labora- 
tory animals. 

One can observe new and prime facilities in which we 
would expect to find the best type of operation; how- 
ever, the total facility and how it is used are necessary 
for good animals. There are some old, rather inefficient, 
and inadequate animal quarters used successfully for 
laboratory animals, providing there is an appreciation 
of the intelligent care needed for the particular colony. 
There are others where it is impossible to do this, be- 
cause there is lack of personnel to care for the animals. 

It is true that tile walls or similar material may pro- 
vide some advantages but there are many fine labora- 
tory facilities with only painted cement block walls. 
Tile construction is needed in the dog and monkey area. 
I sometimes get the impression that some very fine 
animal facilities have been built recently in this country 
that may create a false sense of security by the non- 
professional responsible for the well being of the labora- 
tory animals. This is somewhat comparable to the 
individual who vaccinates his chickens or pigs, or treats 
them with a medicine, and, having done so, feels this is 
adequate, and becomes lax in observing basic operations 
for the prevention of disease which may affect the 
experiment. 

That one has designed these facilities along certain 
plans does not eliminate the fact that he should go a 
step further and not forget the most important pro- 
cedures of good animal management, including basic 
day-to-day care of the colony. The point that is being 
made, since we are discussing space for srnall laboratory 
animals, is that spacewise, you cannot design out the 
disease. These diseases may affect the outcome of 
whatever investigation is undertaken. 

The number of animal rooms and the various species 
to be housed, will, of course, determine space require- 
ments. If the facility plans to use primarily rabbits, 
larger areas should be placed in a given animal room; 
if it is predominantly mice, then smaller units may be 
arranged. This may vary some between the 2 for the 
other species, such as rats, guinea pigs, and hamsters. 
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Here again, it depends a great deal on the use to be made 
of the experimental animals. The extent of the operation 
will determine the amount of storage space for feed and 
bedding, which should be separate. There is also the 
matter of adequate refuse disposal, as a result of routine 
cage cleaning. This depends entirely upon the situation 
in the institution. The volume of material has a great 
deal to do with the decision of having separate incinera- 
tion facilities, or whether material will be sent to the 
central refuse disposal unit of the institution. 

Although it involves non-animal or auxiliary space 
in regard to the total building, one would be remiss if 
the matter of air conditioning for small experimental 
animals was not discussed. The matter of air condition- 
ing will have some bearing on the shape and layout of 
the room, particularly the inlets and outlets in relation 
to the cage racks. The air changes necessary are con- 
siderably more than those ordinarily used in comfort 
air conditioning for offices and households. There is also 
the matter of taking into consideration the amount of 
body heat given off by a large number of small animals 
in a given animal room. The system should, therefore, 
be amenable to adjustment, so that a constant tempera- 
ture and humidity can be maintained. 

There are a number of problems facing anyone 
planning work to give us more accurate answers on 
space requirements for laboratory animals. The figures 
referred to previously, based on experience of the 
National Institutes of Health, were made some time ago. 
I believe they should be reworked, and perhaps a study 
made at other institutions which have a somewhat 
different type of operation. There needs to be an evalu- 
ation of the air changes necessary for the various species, 
the humidity requirements, and the optimum and 
minimum needed by the various species of animals. 


SUMMARY 


Requirements for optimum quartering, or space, to 
house small experimental animals are not as well known 
as we might think or like to believe. This is true even by 
those primarily concerned in this area, either by trial 
and error, or by printed material. 

We need critical research and investigation into 
correct and modern space requirements for small labora- 
tory animals. We also need critical studies on air con- 
ditioning requirements. 

Unfortunately, the best planning and plush materials 
are too often nullified by lack of financial support to 
provide proper care to keep pace with facilities. The 
animals, in a sense, have a lovely hotel, but in lacking 
proper care, they have inadequate maid and room 
service. 
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LIPID METABOLISM 





Biosynthesis and metabolism of unsaturated 


fatty acids’ 
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R. LIGHT, A. T. NORRIS, AND G. SCHEUERBRANDT 


Department of Chemistry, Harvard University, Cambridge, Massachusetts 


acne ENZYMATIC STUDIES on the synthesis of fatty 
acids have thrown much light upon the intimate mecha- 
nism which produces extended aliphatic chains from 
smaller units (1, 2). In the purified soluble systems that 
have been described, the end products of condensation 
are the long-chain, fully saturated acids, among which 
palmitate usually predominates. The origin of the un- 
saturated acids has received much less attention and 
is usually treated as a separate problem. It has been 
thought for some time that oleic and cther olefinic 
acids are formed secondarily from their saturated 
counterparts and not by an independent synthetic 
pathway. Initially, this view was based on indirect 
nutritional evidence (3) and later on the more conclusive 
experiments of Schoenheimer and Rittenberg demon- 
strating the conversion of deuterated stearic acid to 
oleic acid in animal tissues (4). 

There have been numerous attempts to elucidate the 
mechanism of this conversion in vitro but they have not 
given any clear-cut results. For example, the claims that 
methylene blue can serve as the hydrogen acceptor in 
the desaturation of stearate, and that certain purines 
are cofactors in the reaction, [for a discussion see (5)] 
have not been well documented and the significance of 
these earlier studies remains obscure. 

Perhaps the most important observation relating to 
the biosynthesis of unsaturated fatty acids was made by 
Andreasen and Stier in their work on the anaerobic 
nutrition of yeast (6). These investigators were able to 
show that under strictly anaerobic conditions, yeast 
becomes dependent on two types of lipids as growth 
factors. One is ergosterol, or a related sterol, and the 
second is an unsaturated fatty acid, such as oleate or 
linoleate. Since it is known that molecular oxygen is the 
obligatory electron acceptor in several intermediate 
steps of sterol biosynthesis (7), of which the cyclization 


1This work has been supported by grants-in-aid from the 
Public Health Service, the National Science Foundation, the Life 
Insurance Medical Research Fund, the Nutrition Fund, and 
ftom the Eugene P. Higgins Trust Fund of Harvard University. 
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of squalene to lanosterol is the first (8), it is clear why 
under anaerobic conditions ergosterol synthesis is blocked 
and why the sterol becomes an essential nutrient. On 
the other hand, the requirement of anaerobic yeast for an 
unsaturated fatty acid was an unexpected result. It 
suggested that the conversion of stearate to oleate does 
not occur by dehydrogenation but by a process in- 
volving molecular oxygen directly. 

In extension of the findings of Andreasen and Stier, 
we have observed that resting yeast, when kept anaero- 
bically, synthesizes saturated fatty acids exclusively, 
whereas in air, saturated and unsaturated acids are 
formed from acetate in approximately equal amounts 
(g). It was found next that whole cells or cell-free ex- 
tracts of yeast transform palmitate or stearate into 
olefinic acids and thus catalyze the same type of reaction 
previously found in intact animals. A cell-free system 
that catalyzes the desaturation of palmitate or stearate 
and is obtainable from Hughes press extracts of yeast 
exhibits the following properties (9): Enzyme activity 
is particle-bound, the CoA esters of the fatty acids are 
the substrates, and both molecular oxygen and TPNH 
are essential for the reaction. The artificial electron 
acceptors methylene blue or phenazine methosulfate 
do not substitute for oxygen and, therefore, a flavopro- 
tein-linked dehydrogenase is unlikely to be involved. 
On the other hand, the simultaneous requirement for 
oxygen and TPNH and also the insensitivity of the 
reaction to cyanide are recognized properties of. the 
so-called oxygenase reactions which introduce hydroxy! 
groups into a variety of aliphatic and aromatic com- 
pounds. It, therefore, became attractive to visualize the 
desaturation of long-chain fatty acids as occurring in 
two steps, first a hydroxylation of the saturated acid to 
the g- or 10-hydroxy derivative, and, secondly, a de- 
hydration of the oxidized product to an olefin. The 
two isomeric hydroxystearic acids were synthesized 
and did, in fact, support the growth of anaerobic yeast 
as effectively as oleic acid itself (10). 

However, subsequent experiments with labeled com- 
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pounds led to the unexpected finding that the hydroxy 
acids, though active in the growth test, were not metabo- 
lized noticeably. Only negligible amounts of the incor- 
porated radioactivity could be recovered in the olefinic 
acids of the cell lipids, substantially all of the radioac- 
tivity remaining in the form of free or combined hydroxy 
acid. Moreover, the cell-free enzyme system of yeast, 
which acts on stearyl or palmityl CoA, fails also to con- 
vert the CoA esters of the hydroxystearic acids into 
olefines. These negative results make it difficult to retain 
the view that the hydroxy compounds themselves are 
precursors of unsaturated acids. Nevertheless, the re- 
quirement of the reaction for O, and TPNH makes it 
likely that the fatty acid substrate is in some way oxy- 
genated in the course of desaturation. 

In several instances, olefins have been shown to arise 
by elimination of phosphate ester groupings rather than 
by dehydration (11-13). In order to examine the possi- 
bility that a derivative of this type is an intermediate in 
oleic acid synthesis, we have synthesized the phosphate 
ester of 10-hydroxy stearic acid. This derivative also 
satisfies the fatty acid requirement of anaerobic yeast, 
but since no conversion to oleate could be observed, the 
effect is probably due to hydrolysis of the phosphate 
ester to the free hydroxy acid. Apart from the require- 
ment for O. and TPNH in the synthesis of oleic and 
palmitoleic acids, the natural occurrence of certain 
long-chain hydroxy fatty acids points to the existence 
of a pathway involving oxygenated intermediates. In 
this respect, the recent isolation of 10-hydroxystearate 
from fecal lipids by James et al. (14) is of particular 
interest. These investigators have, moreover, shown that 
10-hydroxystearate is formed from stearate by fecal 
microorganisms and apparently converted further to 
oleate (15). Whether the free hydroxy acid accumulating 
in this system is a true intermediate or a secondary 
product arising in a side reaction from an active oxy- 
genated intermediate is, however, not clear. 

Whatever the role of the hydroxy acids in the bio- 
synthesis of olefins, the fact that they support the growth 
of anaerobic yeast without conversion to an unsaturated 
acid is an interesting phenomenon by itself. Since yeast 
does not synthesize olefinic acids in the absence of oxygen, 
the lipids formed under these conditions contain chiefly 


TABLE 1. Relative Concentrations of Fatty Acids 
In Aerobic and Anaerobic Yeast 


Growth Conditions 


Acid —_ 

Aerobic Anaerobic 
Ci¢ 5-1 56.2 
Cis 0.7 22.8 
C ‘1 6 59.0 7.0 
C'1is 35.2 14.0 


Aliquots of the extractable yeast lipids were saponified and 
the methylesters of the fatty acids separated by vapor phase 
chromatography. The total lipid content of anaerobic yeast is 
approximately one third that of aerobic yeast. 
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TABLE 2. Effect of Fatty Acids on the Anaerobic 
Growth of Yeast 


None 44 Stearic 43 
Oleic 382 Elaidic 45 
g-Hydroxystearic 390 p,L 10-Methylstearic 48 
10-Hydroxystearic* 381 9,10 Epoxystearic 51 
12-Hydroxystearic 222 g,10 Dihydroxystearic o 
12-Ketostearic 162 

Lactobacillic 152 


The data are expressed as numbers of cells in an aliquot of 
yeast suspension counted in a hemocytometer. Yeast was grown 
anaerobically on the medium of Andreasen and Stier (6) sup- 
plemented with ergosterol. * Isolated from natural sources 
and kindly provided by Dr. A. T. James. 


saturated acids, some hydroxy acid, and unsaturated 
acids in very much smaller amounts than cells grown 
in air (Table 1). There is considerable evidence to sug- 
gest that monounsaturated fatty acids occur ubiquitously 
and are indispensable constituents of the cell, yet our 
results imply that the double bond per se is not a re- 
quired structural feature for biological activity of the 
fatty acid molecule, at least for anaerobic yeast. In 
exploring this effect further, we have found that the 
growth of anaerobic yeast is supported not only by g- and 
10-hydroxystearic acids but also by 12-hydroxystearic 
acid, by 12-keto stearic acid, and by lactobacillic acid. 
Elaidic acid, 10-methyl stearic acid (2), 9,10-epoxy- 
stearic acid and, of course, stearic acid are inactive, 
while 9,10 dihydroxystearate is strongly inhibitory 
(Table 2). 

Judging from these few data, it would appear that 
the geometry of the mv lecule and the electronegativity 
of the substituent are among the chief factors that de- 
termine biological activity. The exact location of the 
substituent in the fatty acid chain seems to be of lesser 
importance, since the g- and 10-hydroxy derivatives 
have equal growth-promoting activity, and since the 
12-hydroxy compound is also slightly active. The physi- 
cal properties of the acids do not seem to play a signifi- 
cant role, since the hydroxy acids, for example, melt 
at very much higher temperatures than oleic acid. 

Whether oleic acid and the compounds which can 
replace it exert their growth promoting effect as free 
acids or in some combined form, is not known. Cells 
grown with 1-C' oleate contain radioactivity in every 
one of the lipid fractions obtainable by silicic acid 
chromatography. On the other hand, in the experiments 
with labeled hydroxy acid, the isotopic distribution 
pattern is very much simpler, radioactivity appearing 
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only in the free acid fraction and in a fraction emerging 
with the triglycerides. We have not yet elucidated the 
structure of the esterified form of the hydroxy acid, but 
have shown that it is not a glyceride or a sterol ester.’ 

The ability of hydroxystearic acids to substitute for 
oleate in fatty acid-dependent systems has been demo 
strated in one other case. As Delmain et al. have shown, 
a sarcina species which they have isolated will grow 

2 The esterified form of the hydroxy acid has now been ident 
fied as ethyl acetoxystearate. 
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with a markedly reduced lag phase if the synthetic 
medium is supplemented with a small amount of oleate 
(16). Saturated fatty acids are inactive but both the 9- 
and the 10-hydroxystearates are as effective in shortening 
the lag phase of growth as oleate. Labeled hydroxy- 
stearic acid is not converted to oleate by sarcina and 
therefore, the functional equivalence is not a reflection 
of metabolic conversion. It is of interest, on the other 
hand, that in lactobacilli deprived of biotin and requir- 
ing an unsaturated fatty acid for growth (17, 18) the 
hydroxystearates cannot substitute for oleate. 


MULTIPLY UNSATURATED FATTY ACIDS 


A recent study in our laboratory has been concerned 
with mechanisms that introduce additional double bonds 
into aliphatic chains. Investigating, as an example, the 
biosynthesis of linoleic acid, we assumed that the diene 
system is established in two steps and that the most 
probable immediate precursor of linoleate is oleic acid. 
The organism chosen for studying the conversion of 
oleate to multiply unsaturated acids was Torulopsis utilis 
because the linoleic acid content of this yeast is normally 
very high. On incubation of growing or resting torulopsis 
cells with 1-C' oleate, labeled linoleate was formed in 
high yield, with some evidence for desaturation pro- 
ceeding further to the triply unsaturated linoleic acid 
(19). When resting cells were used, the introduction of 
the double bond into oleic acid was found to depend on 
an atmosphere of oxygen, suggesting that the mechanism 
is oxidative as in the desaturation of stearate to oleate. 
Thus, even though a double bond is already present 
in the molecule, the further desaturation cannot occur 
by an anaerobic dehydrogenation. This absence of an 
activating effect is not surprising, because in linoleic 
acid the second double bond is in divinylmethane rela- 
tionship to the first. On the other hand, it is conceivable 
that the second double of a conjugated diene system, 
as in the carotenes, is introduced by a different mecha- 
nism. 

Attempts to implicate a hydroxy olefinic acid as a 
precursor of linoleate have so far given negative results. 
Ricinoleic acid, the naturally occurring 12-hydroxy-A® 
decenoic acid, does not appear to be an intermediate 
in the conversion of oleate to linoleate, although one 
might have supposed that it arises from oleate by hydrox- 
ylation and forms linoleate by dehydration. The failure 
of this reaction to occur presents the same dilemma as 
the metabolic inertia of hydroxystearic acids in the 
synthesis of oleic acid. The possibility that oxygenated 
products, other than the free hydroxy acids, are the 
intermediates has already been discussed. It is also 
conceivable that in both reactions oxygen serves as the 
immediate electron or hydrogen acceptor without be- 
coming covalently linked to the substrate. 


ANAEROBIC MECHANISMS 


The oxidative pathway for the biosynthesis of un- 
saturated fatty acids, as demonstrated for the enzyme 
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TABLE 3. Position of Double Bonds in Fatty 


Acids of Microorganisms* 


Organism a A® | ae an “Sa . 
Lactobacillus plantarumt + + | anaerobic 
Escherichia coli + + | anaerobic 
Pseudomonas fluorescens + + | ana ic 
Clostridium butyricum oF +i + + anaeric 
Mycobacterium phlei i + aerobic 
Sacharomyces cerevisiae + |+ aerobic 
Anabaena variabilis +{)}4+ aerobic 


* Determined by KIOy-KMnOQ, oxidation of the unsaturated 
fatty acids and gas chromatographic identification of the result- 
ing dicarboxylic acids. t From ref. (21). 


system of yeast, presumably exists also in other biologi- 
cal systems which use the long-chain saturated fatty 
acids as direct presursors for the corresponding olefins, 
i.e. in animals (4, 20) and in plants.* Anaerobic micro- 
organisms, on the other hand, must either accomplish 
the same type of transformation without oxygen or 
possess alternative mechanisms for synthesizing .un- 
saturated fatty acids, provided that these compounds 
are essential constituents of anaerobic as well as of aero- 
bic organisms. The detailed fatty acid composition of 
bacterial lipids, particularly of anaerobes, is known 
only in a few instances. The most thorough study is 
that of Hofmann and his collaborators, who have shown 
that cis vaccenic acid, the A" isomer of oleic acid, is the 
principal unsaturated fatty acid in a number of Lacto- 
bacillus species (21) and in Agrobacter tumefaciens (22). 
Lactobacilli also contain a Cy A! cyclopropane acid 
(lactobacillic acid) (23) which is produced from vaccenic 
acid by methylation (24). 

Analyzing the fatty acids of several representative 
bacterial species by vapor phase chromatography and 
by oxidative degradation, we have found vaccenic acid 
to be widely distributed. It is present in the lipids of the 
obligate anaerobe C. butyricum, in E. coli, a facultative 
anaerobe, and in Pseudomonas fluorescens, which is an 
obligate aerobe. In two instances, in S. fecalis (22) and 
in C. butyricum, the Cys monounsaturated fraction con- 
tains the A® isomer, in addition to vaccenic acid. So far 
only one exception to this wide distribution of vaccenic 
acid in bacteria has been noted. In several strains of 
tubercle bacilli (25) and in Mycobacterium phlei, oleic acid 
is the principal and presumably only octadecenoic acid. 
Double bond isomers of monounsaturated Cj, acids have 
not been previously reported. 

However, we have now obtained evidence for the 
presence of a A’ hexadecenoic acid in the lipids of C. 
butyricum and hence palmitoleic acid is no longer the 
sole naturally occurring Cy, monounsaturated acid, 
though it is certainly the most common one. The bio- 
genetic significance of the existence of double bond iso- 
mers both in the Cys and the Cs series will be discussed 

3This problem has not yet been investigated extensively in 


higher plants but we have shown that in the blue-green algae 
Anabaena variabilis oleic acid is formed by desaturation of stearate. 
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below. Some of the relevant information is given in 
Table 3. 

In microorganisms which normally contain vaccenic 
acid, e.g. C. butyricum, L. plantarum or E. coli, the environ- 
mental atmosphere has no noticeable influence on the 
relative proportions of saturated and unsaturated acids 
in the cellular lipids (Table 4), or on the rate at which 
they are synthesized from acetate. This is in striking 
contrast to the strict oxygen-dependence of the processes 
by which palmitoleate and oleate are formed in yeast. 
For the synthesis of palmitoleic acid, two separate path- 
ways seem to exist; the aerobic desaturation of palmitate 
which is employed by yeast, and probably also by plants 
and animals, and an anaerobic mechanism employed by 
certain bacteria. As to the C;gs monounsaturated acids, 
the anaerobic bacterial pathway is apparently capable of 
producing both the A®* and the A” isomers, whereas the 
aerobic process invariably yields the A® acid. It appears 
to be a typical feature of the aerobic process that it 
introduces the double bond at the gth and roth carbon 
atom from the carboxyl group whether the saturated 
precursor has 16 or 18 carbon atoms. 

Among the mechanisms which bacteria might employ 
for the synthesis of olefinic acids, we first considered the 
possibility of a direct hydrogen elimination, in analogy 
to the reactions catalyzed by succinic or acyl CoA de- 
hydrogenase. It appears, however, that flavoprotein- 
linked dehydrogenations operate only when the double 
bond is introduced a,8 to a carbonyl group. Labeled 
palmitate or stearate, added to the growth medium of 
L. plantarum, E. coli, or C. butyricum, are not significantly 


TABLE 4. Fatty Acids of Anaerobically Grown Microorganisms* 


C. butyricum E. coli L. plantarum 

Saturated 

Cie 49.0 4° 39-1 

Cis 6.2 I 2.3 
Unsaturated 

C'i6 17.0 3 4-5 

C'1s 7-9 3 29.2 
Cyclopropane acidst 

Ciz 9.0 20 

Cis 5-2 27 24-9 


* The fatty acid compositions of aerobically grown E. coli, 
and L. planatarum do not differ significantly from those shown 
above. 7 In lactobacilli (24) and E. coli, these acids are 
formed by methylation of olefinic acids and they are, therefore, 
‘‘unsaturated.”’ 


Lack of Desaturation of Stearate 
in Anaerobic Bacteria 


TABLE 5. 


C. butyricum 


L. plantarum* 
c.p.m. X 107% 


c.p.m. X 107% 


C!* stearate added 1700 2000 
C'‘ incorporated 720 500 
Total saturated acids 700 490 
Total unsaturated acids <20 20 


* The results were the same whether the organisms were 
grown in air or in strict anaerobiosis. 
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Aerobic Anaerobic 
Cy. units C, units 
i 
ong-chain saturated Medium-chain acids 
[ acids 
| OQ»; TPNH 


Long-chain acids 


3 [Oxygenated Acids] 
‘ | saturated = unsaturated 
Unsaturated Acids 


FIG. 1. Mechanisms of synthesis of long-chain fatty acids in 
microorganisms. 


transformed to unsaturated acids, either under aerobic 
or anaerobic conditions (Table 5). This lack of conver- 
sion cannot be attributed to permeability factors, since 
the saturated acids are efficiently incorporated into the 
cellular lipids of these organisms. We have also failed to 
obtain any evidence for the dehydrogenation of saturated 
fatty acids or of their CoA esters in cell-free extracts of 
C. kluyveri. Thus there is littke doubt that the mecha- 
nism which produces unsaturated fatty acids under 
anaerobic conditions does not use the corresponding satu- 
rated fatty acids as precursors. The remaining alterna- 
tive is a separate or independent process of condensation, 
which affords the olefinic acids directly rather than by 
way of the saturated acids. 

Following a suggestion by Hofmann et al. (26), we 
can visualize a modified process of chain-building which 
uses a short or medium-length unsaturated acyl CoA 
intermediate, condensing it directly with additional 
malonyl CoA units. The double bond is not reduced as 
it is in the synthesis of the saturated acids, but is retained 
and gradually moved from the carboxyl end as more 
Cy units are being added (Fig. 1). To account more 
specifically for the position of the double bonds in the 
C6 and Cs fatty acids found in bacterial sources, it is 
necessary to invoke a crotonase-like enzyme capable of 
dehydrating a Cio or Ci2 hydroxyacyl CoA intermediate 
to the 8,7 rather than to the a,f olefin. Starting from 


the C19 unsaturated intermediate, we can, thus, rational-. 


ize the formation of palmitoleic acid and vaccenic acid 
by addition of 3 and 4 C2 units, respectively (Fig. 2) 
and elongating a Cy. unsaturated acid, can account 
for the A’-hexadecenoic acid of C. butyricum and _ for 
oleic acid by attachment of 2 and 3 Ce units, respectively 
(Fig. 3). 

It may be relevant to the above mechanism, that 
B-hydroxydecenoic acid occurs commonly in_ bacteria 
and, moreover, that it belongs to the D-series (27, 28), 
which is opposite to the configuration of the 6-hydroxy 
acids arising in fatty acid oxidation. Recently we have 
obtained evidence also for the occurence of 8-hydroxylau- 
ric acid in a Pseudomonas species. It will be of interest 
to see whether bacterial crotonase acts on_ these 
p-hydroxy acids and to ascertain whether the a,f-, 
the 8,y- or both unsaturated acids are the products.‘ 


4 According to evidence presented at this symposium by F. 
Lynen, D-8-hydroxy acids are intermediates in the synthesis of 
saturated fatty acids in yeast. It, therefore, seems likely that in 
various bacterial systems $-D-hydroxy acids are the common 
precursors of both saturated and unsaturated fatty acids. 
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CH;(CH2);CH = CH(CH2) »>COOH 


Fic. 2. Anaerobic mechanism for the synthesis of olefinic 
acids from octanoic acid. 
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FIG. 3. Anaerobic mechanism for the synthesis of olefinic acids 
from decanoic acid. 


The mechanism presented here is consistent with a 
number of observations made both in Hofmann’s labora- 
tory and in our own. As Hofmann et al. have shown, 
several shorter-chain unsaturated acids, all having the 
double bonds at the same distance from the methyl] 
terminal of the molecule, can replace vaccenic acid or 
oleic acid as growth factors for lactobacilli (26). This 
fits the proposed scheme, although the data do not 
distinguish between chain elongation and direct utili- 
zation of the unchanged acids. We have found that in 
lactobacilli, palmitoleic acid undergoes chain elonga- 
tion to an unsaturated fatty acid, \ ‘ich is apparently 
vaccenic acid. This is in line with the prediction that 
in the anaerobic path a given olefinic acid arises by C, 
addition to the carboxyl end of the lower homologue, 
leaving the double bond at the same distance from the 
methyl end of the molecule. The general concept of a 
separate synthetic pathway to unsaturated fatty acids 
in certain bacteria is further and more strongly supported 
by observations made with homologous saturated fatty 
acids in C. butyricum (29). When these bacteria are 
grown with 1-C!* octanoate or 1-C decanoate, both 
the saturated and the unsaturated long chain fatty 
acids become labeled and, as degradation data show, 
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they contain the bulk of the C™ within the fatty acid 
chain. The Cg and the Cio fatty acids are, therefore, 
elongated to both saturated and unsaturated fatty 
acids. The Cj: and Cy4 saturated acids are also converted 
to longer chains, but in these cases only the saturated 
acids are labeled (Table 6). This strongly suggests that 
the pathways to saturated and unsaturated acids sepa- 
rate at the Cg and the Co level, and also that the olefinic 
acids cannot be formed by dehydrogenation of their 
saturated counterparts. 

As already mentioned, the unsaturated fatty acids of 
C. butyricum consist of two pairs of double bond isomers. 
The schemes shown in Figs. 2 and 3 stipulate that oc- 
tanoic acid is the precursor of A*-hexadecenoic and of 
A"-octadecenoic acid, while decanoic acid is the pre- 
cursor of A’-hexadecenoic and of A°*-octadecenoic acid. 
The validity of these pathways has been tested as follows: 
From the unsaturated fatty acids of C. butyricum grown 
in the presence of 1-C!* decanoate, the C’i5 and the 
C’\s fractions were obtained by vapor phase chromatog- 
raphy and then degraded separately by the KIO,- 
KMnO, procedure. The C’35 and C’;3 fractions each 
yield two dicarboxylic acids which are separable by vapor 
phase chromatography, and can then be assayed for C™. 
The C, dicarboxylic acid from the C’;¢ fraction and the 
C, dicarboxylic acid from the C’;s fraction were radio- 
active, whereas the Cy and Cj, dicarboxylic acids de- 
rived, respectively, from the C’ 1s and C’;g fractions were 
unlabeled. These findings are in accord with prediction 
(Fig. 3), and provide the strongest support so far for 
the proposed chain-elongation of 8 ,y unsaturated acids. 
They show that the position of the double bond in these 
bacterial fatty acids is determined by the initial chain- 
length of the saturated fatty acid precursor (Cg or Cyo), 
and also that the occurrence of double bond isomers is 
not due to double bond shifts. 

The mechanism proposed here relies heavily on the 
position of the double bonds in the fatty acids isolated 
from a rather small number of microorganisms. Bio- 
synthetic arguments based on the structure of metabolic 
end products are notoriously hazardous, but in the 
present case they can be made with some confidence 
because secondary double bond shifts do not seem to 
occur. The possibility that some of the monounsaturated 


TABLE 6. Incorporation of Homologous Saturated Acids into 
Long-chain (Cig + Cis) Acids of C. butyricum 


f 
% of Incorporated C'# 
in Saturated Acids 


C™ Acid Added to 


% of Incorporated C¥ 
Growth Medium* i 


in Unsaturated Acidst 





Cy 60 40 
Cs 75 25 
Cio 80 20 
Ci2 96 4 
Cis | 96 4 
Cig 97 | 3 
Cis 99 I 


* All the acids were labeled in the carboxy] group. t Plus 
cyclopropane acids. 
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acids represent reduction products of more highly 
unsaturated acids is also unlikely, since we have failed to 


detect any multiply unsaturated acids in the lipids of 


bacteria. 

It deserves special comment that the acquisition of an 
aerobic metabolism does not necessarily involve a shift 
from the anaerobic to the aerobic mechanism for syn- 
thesizing unsaturated fatty acids. E. coli and Pseudomonas 
fluorescens, although they utilize oxygen as terminal elec- 
tron acceptor for energy production, have retained the 
anaerobic mode of synthesis. On the other hand, the 
anaerobic route to unsaturated fatty acids is not common 
to all bacterial species. In mycobacteria, the pathway to 
unsaturated acids is oxidative and presumably the same 
as in yeast, plants, and animal tissues. Further com- 
parative studies are necessary to ascertain whether it is 
generally true that the anaerobic route is characteristic 
for the Eubacteriales and the oxidative path for 
Actinomycetales and all higher forms. 

The postulated existence of independent mechanisms 
for the synthesis of saturated and unsaturated fatty acids 
has some bearing on the well-known relationship between 
biotin and oleic acid in the metabolism of certain 
bacteria. In Lactobacilli and in C. butyricum (17, 18), the 
biotin requirement can be met under certain conditions 
by vaccenic or oleic acid, but not by saturated fatty 
acids. There is no reason to believe that biotin plays a 
role in the reactions specifically concerned with the 
introduction of double bonds. As experiments with 
labeled acetate have shown, lactobacilli cannot syn- 
thesize fatty acids, either saturated or unsaturated, in 
‘the absence of added biotin, but cells grown with an 
oleic acid supplement contain, nonetheless, saturated 
fatty acids in large amounts. The possibility that they are 
derived from oleic acid by reduction has been ruled out 
by appropriate experiments with labeled oleate and 
palmitoleate. The major metabolic route of unsaturated 
acids in these organisms is the methylation to cyclopro- 
pane acids (Table 7). Resistance of double bonds to 
enzymatic reduction, when they are in an isolated 
position in the fatty acid chain, has previously been noted 
with oleic acid in animal tissues (30), in yeast (19), and 
with vaccenic acid in L. arabinosus (31), and, thus, 
appears to be a general phenomenon. Conceivably, the 
centers of unsaturation at carbon atoms g and 10 and at 
11 and 12 are too far removed from the activating 
carboxyl group to permit polarization of the double 
bond, which, in turn, may be the prerequisite for an 
attack by hydride ion. 

Since the lactobacilli are unable to obtain saturated 


TABLE 7. Transformations of 1-C'* Oleic Acid 


L. plantarum M. phlei 
c.p.m. X 10% c.p.m. X 1076 
C'4 oleate added 760 1350 
Total fatty acids 220 338 
Palmitic a. I 20 
Stearic a. 2 2 
C\y cyclopropane a. 75 


10-Methylstearic a. 200 


FEDERATION PROCEEDINGS 
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1) B-oxidation (animal tissues and plants) 
2) CH;(CH.),CH=CH(CH:),COOH —+#— 
CH;(CH2) ,ACH2CH:2(CH2) ,COOH 
3) CH3(CH2)7;CH+CH(CH:2);COOH — 
dienoic and polyenoic acids (yeast and higher plants) 
4) CH;(CH:2),CH=CH (CH2),COOH — 
Cis branched chain acids (bacteria; plants?) 
a) cyclopropane acids (Eubacteriales) 
b) methylstearic acid (Mycobacteria) 


FIG. 4. Reactions of unsaturated fatty acids. 


fatty acids by reducing olefinic acids or by total synthesis 
because of the lack of biotin, the saturated acids found in 
the cells under these special conditions must have an 
external origin. The most probable sources are _ the 
Tweens, which appear to be essential and not replace- 
able by other types of detergents if lactobacilli are to 
grow on biotin-less, oleic acid-supplemented media 
A similar nutritional relationship between biotin and 
oleic acid exists in C. butyricum (18), but in this organism 
biotin synthesis is apparently not blocked completely so 
that saturated acids can still be formed (29). At any 
rate, these organisms are clearly unable to interconvert 
long-chain saturated and unsaturated fatty acids and 
hence employ for their synthesis separate pathways. This 
particular point has also been established very clearly 
by Shorb and Lund for 2 strains of Trichomonas. When 
cultured on biotin-free media these protozoa require 
both a saturated and unsaturated fatty acid for growth 
(32). 

As far as the further metabolism of long-chain un- 
saturated fatty acids is concerned, the evidence suggests 
that it can take strikingly different directions in various 
biological systems (Fig. 4). In animal tissues, oxidative 
breakdown and complete combustion is the main route 
(33). On a very minor scale, there is a conversion to 
dienoic acids, which are isomeric with linoleate (34). In 
Torulopsis utilis and in blue-green algae we have observed 
a very rapid conversion of oleate to linoleate and 
linolenate but scarcely any breakdown to smaller units. 
Bacteria also have a limited ability to oxidize long-chain 
olefinic acids, although this subject has not been studied 
sufficiently to allow any generalization (35). In several 
bacterial species, the most conspicuous transformation 
of olefinic acids is the addition of methyl groups to the 
double bond, yielding cyclopropane acids in some cases 
[Lactobacilli (24) and E. coli) and 10-methylstearic acid 
in others [mycobacteria (36)]. As has already been 
pointed out, a reduction of isolated double bonds has 
not been observed in any of the systeras so far investi- 
gated. 

A final point of interest is that dienoic or more highly 
unsaturated fatty acids have not been found in bacteria 
which use the anaerobic route for synthesizing olefinic 


5 The part played by the Tweens appears to be more complex 
than to serve merely as a source of saturated fatty acids. Lacto- 
bacilli fail to grow on biotin-less media supplemented with un- 
saturated fatty acids, and with a saturated fatty acid in place of 
Tween. 
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various 
follows: 





acids. Apparently multiply unsaturated acids can be 
formed only by oxidative processes of the type demon- 
strated for the conversion of oleic acid to linoleic acid. 
These mechanisms seem to exist only in the more highly 
differentiated aerobic forms of life. 

The principal findings made in the course of these 
studies on the synthesis of unsaturated fatty acids in 


biological systems may be summarized as 


1) Two separate pathways exist for the synthesis of 


monounsaturated fatty acids. One of these produces 
oleic and palmitoleic acids by oxidative desaturation of 
stearate and palmitate, respectively. It is the only or 
predominant route in yeast, blue-green algae, and in 
some aerobic bacteria (Mycobacteria). 


2) Anaerobes, facultative aerobes, and some obligate 
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aerobic bacteria lack the ability to desaturate palmitate 
or stearate, either in the absence or presence of oxygen. 
In these organisms, olefinic acids are synthesized under 
strictly anaerobic conditions by a route that branches 
from or is entirely independent of the pathway that 
produces the long-chain saturated fatty acids. 

3) Multiply unsaturated fatty acids are formed from 
oleic acid by an oxidative mechanism. They are not 
synthesized or found in organisms in which vaccenic 
acid is the principal C;s unsaturated fatty acid, nor is 
there evidence that they occur in any bacterial lipids. 


We are indebted to Professor K. Hofmann for samples of lacto- 
bacillic acid and vaccenic acid; to Professor S. Hiinig for a sample 
of D,L-10-methylstearic acid, and to Doctors L. W. Beck and 
F. W. Mattson for a sample of uniformly-labeled palmitoleic acid. 
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Chylomicron metabolism’ 


T. OLIVECRONA, E. P. GEORGE? AND B. BORGSTROM 
Department of Physiological Chemistry, University of Lund, Lund, Sweden 


Pisces ABSORPTION FROM THE SMALL INTESTINE, the 
long chain fatty acids of the dietary fat are given off to 
the lymphatics, draining the small intestine in the form 
of small light scattering particles known as_ the 
chylomicrons. Around 90% of the chylomicrons are 
made up by triglycerides, the remainder being phospho- 
lipids, cholesterol, cholesterol esters, and a smal! amount 
of protein. The chylomicrons constitute a family of 
particles of low density which can be collected by 
centrifugation. By definition, the chylomicrons belong to 
the low density lipoproteins with Sf values > 400. 

The chylomicrons enter the systemic circulation by 
way of the jugular vein and are rapidly metabolized. 
The rate of metabolism seems to vary with the species. 
In the human, the rate of entry after a lipid rich meal 
usually exceeds the rate of removal and the blood 
becomes turbid. In the rat, the rate of removal is usually 
equal to the rate of entry and a chylomicronemia is 
seldom seen. 

The metabolism of chylomicrons has attracted much 
attention during recent years. The removal from the 
circulation of fatty acid labeled chylomicrons was 
studied in 1956 by Havel and Fredrickson (1) in the 
dog, and French and Morris (2) in the rat. The first part 
of the disappearance curves followed a single exponential 
function, with a half-life between 4-14 min in the rat 
and 15-24 min in the dog; the half-life being inversely 
proportional to the amount injected. In French and 
Morris’ work, the later course of the disappearance 


5% of the activity was 


curve was complex and about 
removed at a much slower rate. 

What does the slower part of the curve represent? Two 
possibilities are apparent to explain this type of curve: 
either an inhomogenity in the injected material with 
different disappearance rates, or a recirculation of active 
material. The slow component could be the phospholipid 
fraction, which, in the case of palmitic acid labeled 
chylomicrons, represents around 4% of the activity of 

! The work on which this article is based has been supported by 
grants from the Swedish Medical Research Council and the U. S. 
Public Health Service Met-5302). 

2 Visiting Scientist. Permanent address: Dept. of Physics, St. 
Vincents Hospital, Sydney, Australia. 

The skillful technical assistance of Irene Lindell, Kerstin Rosen- 
dahl, and Agneta Celander is gratefully acknowledged. Dr. George 
expresses his thanks to the postgraduate committee in Medicine of 
the University of Sydney for a grant toward the cost of travel. 
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the chyle. This would be in agreement with the finding 
of McCandless and Zilversmit (3), who reported a slow 
disappearance rate of the phospholipids of chyle (labeled 
by P*); but in contrast to the statement by Havel and 
Fredrickson of 1956 (1) that the triglyceride and phos- 
pholipid moieties of the chylomicrons disappeared from 
the plasma at the same rate. In the work of the latter 
authors, in spite of a rapid turnover of the chylomicrons, 
little radioactivity appeared in the other plasma lipo- 
protein fractions, indicating that recirculation is of little 
importance in the dog. In the work of French and 
Morris (2), on the other hand, only total lipid radio- 
activity was measured. If the phospholipid fatty acids 
of the chylomicron were chiefly responsible for the slow 
phase of radioactivity disappearance, the break of the 
curve should be different with different labeled fatty 
acids. This reasoning is based on the fact that different 
dietary fatty acids are incorporated to different degree 
into the chylomicron phospholipids. Thus, it has been 
found that 4% of the total chylomicron activity is 
present in phospholipids when C''-palmitic acid is present 
in the dietary fat, compared to 20% for labeled stearic 
acid (4). 

In the experiment shown in Fig. 1, rats were injected 
with lymph obtained from rats fed glycerides containing 
trace amounts of C'4-palmitic acid and T-stearic acid. 
Plasma lipids recovered at different times after the 
injection were separated into glycerides, phospholipids, 
and free fatty acids (5), and their radioactivity was 
determined. It is apparent that the break in the dis- 
appearance curves is very different for the palmitic and 
stearic acid label, and that it is the magnitude of incor- 
poration of label into the phospholipids which is the 
major determining factor. The disappearance curve for 
the glyceride fraction follows a single exponential until 
a very low level and, therefore, inhomogenity or recircu- 
lation in this fraction is of a low magnitude. A certain 
recirculation of the injected acids is seen in the free fatty 
acid fraction, as has earlier been reported (1, 6). The 
extent of recirculation in both the free fatty acid and 
glyceride fraction is, however, different for palmitic and 
stearic acid, the latter being recirculated to a much 
lesser extent. This is apparent in the curve to the right in 
Fig. 1, showing the ratio of palmitic to stearic acid 
activity. This ratio is constant during the first 30 min 
that is the time of chylomicron removal. 

The mechanism of the chylomicron clearing has been 
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FIG. 1. Activity-time relationship of plasma neutral fat (NF), 
free fatty acids (FFA), and phospholipids (PL), after injecting 


much discussed against the background of the finding 
of Hahn in 1943 (7) of a heparin induced clearing factor. 
This enzyme, which has also been found present in 
blood of fasting animals and man, and in increased 
amount during fat absorption, has been classified as a 
lipoprotein lipase and splits the ester bonds of chylo- 
micron glycerides with specificity for the ester bonds with 
primary hydroxyls (8). Different findings have been 
taken to indicate the importance of the clearing factor 
for the chylomicron removal. The most important 
among these are the appearance of radioactivity in the 
free fatty acid fraction of blood during the removal of 
labeled chylomicrons (1, 6), the appearance of mono- 
and diglycerides (g-11) in the plasma lipides during 
alimentary lipemia, the increased rate of disappearance 
of chylomicron fat after the injection of heparin, and the 
decreased rate of disappearance after protemine injec- 
tion (12). 

The quantitative evaluation of the importance of the 
clearing factor has, however, been rather difficult. 
From the amount of clearing factor present in rat blood 
during fat absorption, it has been calculated that up to 
30 % of the chylomicron triglyceride could be hydrolyzed 
to unesterified fatty acids in the blood (13, 14). Engel- 
berg (15) has made similar calculations and arrived at 
the conclusion that the intravascular clearing factor may 
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rats with 1-C'4-palmitic-, H-3-stearic acid labeled chylomicrons 


account for the splitting of 4 to 5 g of neutral fat per hr 
in the human. This transformation of in vitro data to in 
vivo is, of course, very difficult to evaluate. 

As has been pointed out by Engelberg (15), the 
occurrence of mono- and diglycerides in blood during 
chylomicron disappearance (g-11) is not conclusive 
evidence for intravascular lipolysis, as the partial 
glycerides may have been original constituents of the 
chylomicrons. Such a mechanism is substantiated by 
the results shown in Fig. 2. Rat chylomicrons, labeled 
both in the glycerol (C) and fatty acid part (T-palmitic 
acid), were injected into rats and the plasma lipids 
recovered after different time intervals. The glycerides 
of the plasma lipids were separated on thin iayer silicic 
acid chromatography and the tri-, di- and monoglyceride 
spots scraped off, eluted, and their activity counted. 
The results (Fig. 2) indicate that the diglyceride initially 
present in the chylomicrons is removed at a constant 
rate and that very little, if any, diglyceride is formed 
during the clearing of the chylomicrons from the circu- 
lation. The initial increase in the diglyceride-C™ curve is 
probably not significant. The shape of the tritium-fatty 
acid-monoglyceride curve might indicate the formation 
of some monoglycerides during the same conditions. 
The C'*-glycerol-monoglyceride activity was too low to 
give significant counts. 
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FIG. 2. Activity-time relationship for plasma tri-, di- and mono- 
glycerides after injecting rats C-14-glycerol-H-3-palmitic acid 
labeled chylomicrons. The glycerides were separated by thin- 
layer silicic acid chromatography, and the silicic acid scraped 
off and counted. 


As earlier mentioned, Havel and Fredrickson (1956) 
(1) found that during clearing from the blood in dogs of 
fatty acid labeled chylomicrons the specific activity of the 
blood free fatty acid fraction increased to figures exceed- 
ing 50% of the specific activity of the injected «'yceride 
fatty acid. This finding, in combination with ibe rapid 
turnover of the free fatty acid fraction indicated to 
these authors an intimate relationship between the 
removal of chylomicrons and the hydrolysis of their 
glycerides, and that, “‘an appreciable portion of the 
cleared chylomicron triglyceride may be re-transported 
through the plasma as unesterified fatty acid during the 
clearing process.”” The authors did not believe that the 
hydrolysis of the chylomicrons occurred in the circulating 
blood, as they were unable to observe evidence of a 
continued lipolysis in vitro. In view of the results of 
Engelberg (16) on clearing factor inactivation, this 
argument does not seem quite conclusive. 

In a later study, however, Fredrickson et al. (6) 
obtained results which were calculated to mean that 
retransport as free fatty acids is not obligatory in the 
utilization of exogeneous triglyceride. From the data 
obtained, it was calculated that 50% of injected chylo- 
micron triglyceride appeared in the blood as free fatty 
acids. These figures are based on experiments in which 
the specific activity curves for blood free fatty acids and 
expired CO» were compared when the labeled acid was 
injected as free fatty acid or chylomicron. It was found 


FIG. 3. Disappearance curve for 1-C-14-palmitic acid labeled 
chylomicrons injected into normal rats, hepatectomized rats and 
rats with ethionine induced fatty livers. Each curve calculated 
from experiments on two animals (21). 


that the ratio of flux of label between plasma free fatty 
acid and expired CO, during a 4-6 hr period was much 
less when chylomicrons were injected. It was also found 
that the specific activity of the blood free fatty acid 
fraction, after injecting labeled chylomicrons, dropped 
below that of the expired COs:. Studies of the tissue 
distribution of injected labeled free palmitic acid and 
palmitic acid labeled chylomicrons also led Bragdon and 
Gordon (17) to the conclusion that the bulk of the 
chylomicrons do not undergo intravascular hydrolysis, 
but are removed intact from the circulation. 

The interpretation of the above calculations has 
recently been criticized by Engelberg (15), who con- 
cluded that available data support the thesis that the 
major normal pathway of chylomicron removal is by 
way of intravascular enzymatic lipolysis by clearing 
factor. 

The finding that chylomicron glycerides are taken up 
intact by the liver, as evidenced by experiments with 
glycerol-fatty acid labeled chylomicrons (18), however, 
definitely proves that chylomicron glycerides, partly at 
least, are removed intact from the circulation. The 
percentage of activity in the liver in these experiments 
reached a maximum of around 45 20 min after injection. 
The rapid decline of the activity in the liver glycerides 
means by necessity that more than 45% of the injected 
chylomicron activity must have passed the liver. A 
similar pathway of chylomicron removal is also supporte¢ 
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FIG. 4. Disappearance curves for injected albumin bound free 
1-C'4-palmitic acid in rats. Left experimental curves, middle and 


by the data in Fig. 1 and the results reported at this 
meeting by Dustin and Fredrickson (19) that when 
chylomicrons labeled with two different fatty acids are 
injected, the liver glycerides initially contain these 
acids in the same ratio as in the chylomicrons. 

The direct importance of the liver in chylomicron 
removal is also stressed by the decreased rate of removal 
of chylomicrons in hepatectomized rats and rats with 
ethionine induced fatty livers (20) (Fig. 3). 

To get an opinion of the quantitative importance of 
the different pathways of chylomicron removal, we have 
determined the plasma glyceride and free fatty acid 
activity curves of rats injected with fatty acid labeled 
chylomicrons. We have then made up some different 
models for chylomicron removal and, with the aid of a 
digital computer, obtained the corresponding activity 
curves. The rate constant for removal of chylomicron 
fatty acids entering the plasma free fatty acid pool has 
been obtained experimentally, after injecting rats with 
albumin bound C'-palmitic acid. Figure 4 shows the 
experimental curves for free fatty acid disappearance, 
the model used, the curves for different sizes of the 
equilibration pool, and two different T 14 for the in- 
jected free fatty acid corresponding approximately to the 
disappearance rate in fasted and carbohydrate fed rats. 

It is clear from this experiment that the equilibration 


right curves, calculated according to the data shown. 


pool of plasma free fatty acids is between 100 and 250 
times the plasma free fatty acid pool. The figure 250 has 
then been used in the calculation in Fig. 5. The left 
part of this figure gives the experimental data for 
glyceride and free fatty acid activity, after injecting 
rats with fatty acid labeled chylomicrons. The open and 
closed circles correspond to experiments with different 
amounts of the same chylomicron suspension. The 
calculations only refer to the experiment with the open 
circles, in which approximately 60 mg of chylomicron 
fatty acids were injected over 1 min. The two calculated 
sets of curves in Fig. 5 refer to the model shown with 
different percentages of intravascular chylomicron 
hydrolysis, from 10 to 100%. The difference in the two 
sets of curves is the T 14 for the free fatty acid fraction. 
If these two sets of curves for plasma free fatty acid 
activity are compared with the one experimentally found 
(left in the figure), it is apparent that intravascular 
lipolysis must be of a minor order, as the theoretically 
obtained maximum for the free fatty acid activity is 
much too early. This means that the chylomicron hydrol- 
ysis must be delayed leading to a later appearance of 
labeled free fatty acids in the circulation. 

Figure 6 contains two different models of chylomicron 
metabolism. The curve in the middle représents a 100 % 
uptake of intact chylomicrons, which then are hydro- 















































932 FEDERATION PROCEEDINGS Volume 20 
THEORETICAL 
CHYLOMICRON ky KHYLOMICRON GLYCERIDE 
GLYCERIDE TAKEN UP INTACT 
4.2 
EXPERIMENTAL | 
k3 
PLASMA FFA KS 
A2_» co 
ee <— | EQUILIBRATION POOL 2 
k4 
EQUILIBRATION POOL = 250x PLASMA FFA 
hy +h gives T1/2 CHYLOM/CRON GLYCERIDE = 10,0 MIN 
», % % 
(J 
roo ae ky gives initial T/2 FFA= 1,73 min 
3 TV2 GFA % 53 mn 
; A! vaRIED 
4 k2 
os 


rm 


Az gives intial 







A! Varied 
2 














TV2 FFA = 
0,63 min 







GFA 


FFA 
100 %o INTRAVASCULAR — 100 % HYDROLYSIS 














‘ u ———> + Ls 
o 10 20 30 4] 10 
FIG. 5. Activity-time relationship for plasma glyceride fatty 
acids and free fatty acids after injecting 1-C'*-palmitic acid labeled 
chylomicrons to carbohydrate fed rats (left). The two curves @ 
and © refer to the injection of the same chylomicron suspension 


lyzed and mixed in the plasma free fatty acid equilibra- 
tion pool. The plasma free fatty acid activity curves thus 
obtained have very little resemblance with the experi- 
mental ones, the delay of appearance of labeled free fatty 
acids being too long. The right part of the same figure 
demonstrates a model in which the chylomicrons are 
taken up intact into a pool X, from which their fatty 
acids are given off directly to plasma without first being 
mixed with any inert fatty acid or glyceride pool. With 
a half-life of the pool X of 5 min, the best fit is obtained. 
Even though this fit is not perfect, it must be realized 
that we prebably do not have one pathway but a com- 
bination of different pathways of chylomicron metab- 
olism occurring. It seems probable that the largest part 
of the chylomicrons are taken up intact from the circula- 
tion by the compartment X, from which a large fraction 
ot their fatty acids is rapidly recirculated back to the 
blood as free fatty acids. 

At the site of uptake in the liver, the chylomicron 
fatty acids are not appreciably diluted by unlabeled 
acids. This site, therefore, must be rather specific and 
might be the reticuloendothelial system. Another frac- 
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in amounts related as 1 to 2. The curves in the middle and to the 
right have been calculated according to the model and the data 
given representing different extent of intravascular hydrolysis. 


tion of the chylomicrons might be taken up by carcass 
and adipose tissue, where it mixes with a large pool of 
endogencous fatty acids, before being recirculated as 
plasma free fatty acid. Intravascular lipolysis is rela- 
tively unimportant. Any exact figures for the magnitude 
of these different pathways are not at hand at the 
moment. They may also vary with the chylomicron 
load, but it seems clear that their order of decreasing 
magnitude is liver, carcas + adipose tissue, intravascular 
lipolysis. 

With this model, the effect of heparin and protamine 
on chylomicron removal remains unexplained. It seems, 
however, possible, as has been pointed out elsewhere, 
that the importance of intravascular lipolysis, although 
from a quantitative point of view unimportant, is to 
change the surface properties of the chylomicrons so 
that their removal from the circulation is favored (21). 


SUMMARY 


The pathways of chylomicron disappearance from the 
blood are discussed. 
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Fic. 6. Experimental data are the same as in Fig. 5. The models, 
however, are different. Middle curve: chylomicrons taken up 
intact and equilibrated with the plasma free fatty acid equilibra- 
tion pool before being returned to the blood as free fatty acids; 


The slowly disappearing component, after injecting 
fatty acid labeled chylomicrons into rats, has been shown 
to be caused by the slow disappearance of the chylo- 
micron phospholipid fraction (and to a very minor 
extent to recirculation of removed fatty acids). The extent 
of recirculation of chylomicron fatty acids as free fatty 
acids and glyceride fatty acids is different for palmitic 
and stearic acid, the latter being recirculated to a much 
smaller extent. 

Our present status of knowledge of chylomicron 


Right curve: chylomicrons taken up intact in a special pool X 
from which their fatty acids are given off to the blood (without 
dilution) with different T/2. 


removal indicates that: 7) intravascular lipolysis from a 
quantitative point of view is unimportant; 2) the largest 
fraction of the chylomicron glycerides is taken up intact 
at a special site in the liver, is rapidly hydrolyzed, and 
their fatty acids given off to the circulation as free fatty 
acids. 

The extra-hepatical tissues may also take up intact 
chylomicrons. The quantitative relationship between the 
two pathways is not well established at the present time 
and may also be dependent on the chylomicron load. 
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a OF COMPLEX LIPIDS was last reviewed in a 
symposium at these Federation Meetings in 1957 (1). 
Since that time progress in this field has been rapid, as 
a result of the efforts of many laboratories throughout 
the world. The present review will be limited to develop- 
ments since 1957 in three principal fields—the _bio- 
synthesis of glycerophosphatides, triglycerides, and 
sphingolipids. Even with these restrictions, it has not 
been possible to deal with all the pertinent literature 
within reasonable limits of time and space. 


BIOSYNTHESIS OF GLYCEROPHOSPHATIDES 

Presently known pathways for the biosynthesis of 
glycerophosphatides are shown in Fig. 1. Cytidine- 
containing coenzymes play a general role in these 
reaction patterns. So far as is known at present, the de 
novo generation of the monophosphate diester linkage, 
an important structural feature of phospholipids, in- 
volves a cytidine-containing coenzyme in every instance. 
The general mechanism for the formation of these bonds 
is shown in Fig. 2. A requirement for cytidine coenzymes 
has now been unequivocally demonstrated in the bio- 
synthesis of five major phospholipids, including phos- 
phatidylethanolamine, _phosphatidyicholine, _ phos- 
phatidylinositol, phosphatidylglycerol, and  sphingo- 
myelin. In addition, there is some evidence to suggest 
that the cytidine coenzymes may be involved in the 
synthesis of plasmalogenic phospholipids (2). 

Two enzyme systems have recently been found to 
catalyze the conversion of one phospholipid to another. 
One of these catalyzes the methylation of phosphatidy]- 
ethanolamine to lecithin (3), and the other the formation 
of phosphatidylserine from phosphatidylethanolamine 
and free L-serine (4). However, in both these cases the 
phosphorus moiety of the newly formed phospholipid is 
ultimately derived from a cytidine nucleotide—cytidine 
diphosphate ethanolamine. In neither of these trans- 
formations is there a net de novo synthesis of phos- 
pholipid. 

Many of the enzyme systems utilizing cytidine diphos- 
phate, choline, and cytidine diphosphate ethanolamine 
have been reviewed elsewhere (1, 5-7) and will not be 
further considered here. 


Biosynthesis of complex lipids 


THE FUNCTION OF CYTIDINE DIPHOSPHATE DIGLYCERIDE 
IN THE BIOSYNTHESIS OF PHOSPHATIDYLINOSITOL 


The first evidence for the enzymatic formation of 
cytidine diphosphate diglyceride was obtained by 
Agranoff, Bradley and Brady (8), who found that 
tritium-labeled CMP could be converted to a chloroforia- 
soluble product in the presence of a particulate enzyme 
from kidney. However, the amounts of product were too 
small for adequate characterization, nor was it possible 
to obtain direct evidence as to the mode of formation 
or the function of the lipid-soluble cytidine nucleotide 
in this system. 

In an investigation of the biosynthesis of phosphatidyl- 
inositol in liver enzyme preparations, Paulus and 
Kennedy (9) were able to show that L-a-glycerophos- 
phate-P* was converted to phosphatidylinositol by a 
pathway specifically requiring CTP as a cofactor. It was 
clear from these results that a pattern of reactions 
different from those leading to the formation of lecithin 
and phosphatidylethanolamine must take place in the 
formation of phosphatidylinositol. In the biosynthesis of 
the latter phospholipid, the phosphate moiety of L-a- 
glycerophosphate is not lost at the phosphatidic acid 
phosphatase stage (Fig. 1) but, instead, it is the precursor 
of the phosphorus moiety of phosphatidylinositol. A 
number of cytidine diphosphate diglycerides were, 
therefore, synthesized (10) by a chemical procedure 
based on the method used previously for the synthesis of 
cytidine diphosphate choline (11). The resulting cytidine 
diphosphate diglycerides were readily isolated and 
purified by chromatography on silicic acid. With the aid 
of these pure synthetic materials, it was possible to 
demonstrate the reaction sequence shown in Fig. 3, 
leading to the formation of phosphatidylinositol in liver 
preparations. 

The reaction of CDP-diglyceride with inositol could 
readily be followed by spectrophotometric methods since 













cytidine diphosphate diglycerides are insoluble in acid, 
whereas CMP, a product of the reaction, is soluble in 
acid. Since CMP has a characteristic absorption spec- 
trum in the ultraviolet with a peak at 280 my, this 
proved to be a convenient and sensitive method for 







studying the formation of phosphatidylinositol. 
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L-a-GLYCEROPHOS PHATE 
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TRIGLYCERIDE PHOSPHAT IDYLGLYCEROL 
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CARDIOLIPIN 
FIG. 1. Biosynthesis of glycerides and glycerophosphatides. 
Agranoff and his collaborators (8) have suggested a 1 — 
: é a R-O-H 
somewhat different sequence of reactions for the forma- 
tion of phosphatidylinositol, but it is possible that some fe) fe) 
of their results were complicated by the existence of an Cyt-O-P—O—P-O-R 
reaction, Paulus and OH OH 


exchange demonstrated by 
Kennedy (10) in liver preparations. The exchange 
reaction equilibrates the inositol portion of phosphatidyl- 
inositol with free inositol in the absence of sources of 
metabolic energy, apparently without a net change in 
the total amount of this phospholipid. Under certain 
experimental conditions, it may be stimulated by CMP, 
CDP-choline, or other cytidine nucleotides which may 
yield CMP eon enzymatic hydrolysis. The exact relation- 
ship of this reaction to the de novo formation of phos- 
phatidylinositol is not clear at present. 

The biosynthesis of inositol-containing phospholipids 
in brain preparations has been studied by Thompson 
and his collaborators (12, 13). While some of the results 
are consistent with the formation of phosphatidylinositol, 
as shown in Fig. 3, other observations made by these 
workers suggest that the pattern of reactions in brain 
may be considerably more complicated, perhaps as a 
result of the functioning of enzyme systems leading to 
the formation of diphospho- and triphosphoinositides. 
Further work is urgently needed on the chemistry, as 
well as on the metabolism, of these more complex 
phosphoinositides. 

Synthesis of polyglycerophosphatides. An enzymatic re- 
action between L-a-glycerophosphate and CDP-diglyc- 
eride was reported by Kiyasu, Paulus and Kennedy 
(14) in 1960. These workers have proposed that poly- 
glycerophosphatides of the cardiolipin type may be 
formed by the reaction sequences shown in Fig. 4. The 


. 


Cyt-0-P-OH + R’-0-P-O-R 
OH dH 


FIG. 2. Mechanism of fermaticn of phosphodiester bonds. 


first reaction is the formation of phosphatidylglycero- 
phosphate by transfer of the phosphatidic acid portion of 
CDP-diglyceride to L-a-glycerophosphate. This product 
then undergoes enzymatic dephosphorylation to phos- 
phatidylglycerol. The two steps can be differentiated, 
since the phosphatase is sensitive to inhibitors which 
attack sulfhydryl groups, while the enzyme catalyzing 
the formation of phosphatidylglycerophosphate is un- 
affected by these reagents. 

Phosphatidylglycerol, itself, appears not to accumulate 
in animal tissues and it is, therefore, suggested that it 
may act as a precursor of cardiolipin by undergoing 
reaction with a second mole of CDP-diglyceride, as 
shown in Fig. 4. However, no direct evidence for the last 
step in this sequence has as yet been obtained. 

Methyiation of phosphatidylethanolamine. In 1953 Stekol 
(15) suggested that the transfer of the methyl group of 
methionine to ethanolamine in the formation of choline 
involves a phospholipid form of ethanolamine. Nyc and 
his collaborators (16) showed that a mutant strain of 
Neurospora crassa, which requires choline for optimal 
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FIG. 4. Biosynthesis of polyglycerophosphatides. 


growth, accumulates phospholipids containing mono- 
and dimethylaminoethanol when grown in the absence 
of choline. Crowder and Artom (17) found that 
dimethylaminoethanol could be converted to a phos- 
pholipid form in vitro, offering further support for the 
idea that phospholipids were involved in the methylation 
sequence. 


Recent important studies of Bremer and Greenberg (3) 
have now provided direct evidence for the methylation 
of phosphatidylethanolamine to lecithin. The enzyme 
system required for these transformations is localized in 
the microsome fraction of liver, and utilizes S-adeno- 
sylmethionine as methyl donor. Phosphatidylethanol- 
amine, phosphatidyl(N-methyl)ethanolamine and phos- 
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phatidyl(N ,N-dimethyl)ethanolamine appear to be 
intermediates. No water-soluble methylated form of 
ethanolamine is directly involved. The pH optimum of 
the system is unusually high (pH 10-10.5). 

Essentially similar results have been independently 
obtained by Udenfriend and his collaborators (18). 

The methylation of phosphatidylethanolamine con- 
stitutes an alternative pathway for the biosynthesis of 
lecithin (Fig. 1), and it would be of interest to determine 
the amounts of lecithin synthesized in vivo by this route 
in comparison with the pathway involving choline, 
phosphorylcholine and cytidine diphosphate choline as 
intermediates. Bremer, Figard and Greenberg (19) have 
suggested that the methylation reactions may play an 
important role not only in the conversion of ethanolamine 
to choline, but in the conversion of choline itself to 
lecithin, by way of betaine, glycine and serine. However, 
the studies of Dawson (20) show that in vivo the phos- 
phorylation of choline proceeds at a rapid rate in liver, 
sufficient to account for the overall synthesis of lecithin 
from orthophosphate, although this worker was careful 
to point out that the kinetics of the labeling of phos- 
phorylcholine and lecithin did not fit perfectly with the 
precursor-product relationship postulated by Zilversmit 
(21), suggesting the possibility of alternative pathways. 
Furthermore, in another investigation of the labeling of 
various liver phospholipids from orthophosphate in vivo 
Dawson (22) found no evidence to suggest that the 
conversion of phosphatidylethanolamine to lecithin is the 
predominant reaction for the formation of the latter 
phospholipid. It should also be pointed out that the 
methylation of phosphatidylethanolamine appears to 
occur principally in liver. The activity of kidney tissue is 
quite feeble (3) while no significant methylation could 
be observed with brain enzymes. In contrast, the CDP- 
choline pathway is extremely active in kidney, which 
has a high rate of lecithin renewal in vivo, and Rossiter 
and collaborators (23) have clearly demonstrated the 
occurrence of the CDP-choline reactions in brain and 
nerve. 

It seems probable that the relative contributions of 
the two pathways may be dependent upon the nutritional 
state of the animal. In animals on artificial diets very 
low in choline, the methylation reactions would be 
essential for the production of sufficient choline to meet 
the needs of the animal. However, in animals acutely 
deficient in dietary choline, the level of CDP-choline in 
the liver does not fall significantly below normal (24), 
suggesting that even in this extreme case the CDP- 
choline pathway is fully operative. 

Acylation of lyso-lecithin. An enzyme which catalyzes 
the acylation of lyso-lecithin utilizing thioesters of 
coenzyme A has been described by Lands (25). This 
enzyme, which is present in microsomes of rat liver, is 
specific for lyso-lecithin, since it will not reacylate 
glycerophospnorylcholine. It does not require divalent 
cations, nor is it affected by chelating agents. 

The occurrence of this acylating enzyme provides 
strong support for the concept of independent turnover 
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of the fatty acid moieties of lecithin. A cycle may be 
visualized in which a fatty acid residue is removed from 
the lecithin molecule for oxidation or other utilization. 
The lyso-lecithin so formed may be further hydrolyzed 
yielding glycerophosphorylcholine, which then cannot 
be re-acylated, but is degraded to glycerophosphate and 
choline (26). Alternatively, the lyso-lecithin may react 
with the thioester of CoA to form lecithin once again. 

The acylation of lyso-lecithin in this system is coupled 
to the release of free energy from ATP, since ATP is 
required for the formation of thioesters of CoA. It is 
thus to be distinguished from the reversal of hydrolysis 
catalyzed by lecithinases (27). It seems doubtful that the 
latter type of reaction can lead to a significant increase in 
ester bonds under physiological conditions. 

Enzymatic formation and decarboxylation of phosphatidyl- 
serine. The enzymatic synthesis of phosphatidylserine 
has been investigated by Hiibscher, Dils and Pover 
(28), who found that the conversion of free serine uni- 
formly labeled with C' to phospholipid in liver prepa- 
rations could be stimulated by CMP under certain 
experimental conditions, but that the effects noted could 
not readily be fitted into a coherent pattern of bio- 
synthesis. A much more striking effect of calcium ion in 
stimulating the incorporation of serine into lipid in the 
absence of added sources of metabolic energy was also 
observed by these workers, who suggested that it might 
be due to the reversible action of a calcium-stimulated 
phospholipase of the type that might cleave the serine 
moiety from phosphatidylserine. 

Borkenhagen, Kennedy and Fielding (4) obtained 
evidence for the following sequence of reactions in 
cell-free preparations of liver: 


(1) phosphatidylethanolamine + L-serine — phosphatidylserine 
+ ethanolamine 
(2) phosphatidylserine — phosphatidylethanolamine + CO; 








sum: L-serine — ethanolamine + CO: 


These workers observed that both L-serine-3-C™ and 
ethanolamine-1 ,2-C'* are converted to lipid forms by 
rat liver homogenates in the presence of calcium ion and 
have shown that ethanolamine and serine compete for 
the same enzymatic site. Thus, unlabeled L-serine 
displaces labeled ethanoiamine competitively from the 
enzyme surface and vice versa. ‘:. © enzyme appears to 
be quite specific. p-Serine and choline, for example, are 
only feebly converted into lipid under these conditions 
and do not inhibit the enzymatic exchange of L-serine 
and ethanolamine. 

Since a pathway for the de novo synthesis of phos- 
phatidylethanolamine has already been established (29), 
reaction (1) may account for the formation of phos- 
phatidylserine from simple precursors, utilizing the same 
reactions up to the point of formation of phosphatidyl- 
ethanolamine. 

Upon analysis of the labeled phospholipids derived 
from L-serine-3-C™ in their system, Borkenhagen et al. 
(4) found that a considerable part of the radioactivity 


, 
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TABLE 1. Enzymatic Decarboxylation of Phosphatidylserine 


Conditions of Incubation C02 Produced, mumoles 


1. Complete 147 
2. Omit toluene 32 
3. Complete; boiled enzyme oO 


Each tube contained EDTA (0.004 mM), pyridoxal phosphate 
(0.001 M), dipalmitoyl-L-a-glycerophosphoryl-pL-serine-1-C!‘4 
(0.001 M) with a specific activity of 33,000 counts/min per micro- 
mole, and 0.31 ml of a suspension of rat liver mitochondria in 
isotonic sucrose containing 17.3 mg of protein per ml. The pH 
of the mitochondrial suspension was 6.5. No buffer was added. 
The final volume of the system was 0.50 ml. The tubes were 
incubated at 37° for 2 hr in special flasks provided with a center 
well containing 0.2 ml of 2 N KOH. The radioactive COz was 
collected as BaCO;, plated and counted with correction for 
self-absorption. In tube 3, the mitochondrial enzyme suspension 
was boiled for 5 min before addition to the flask. [From Borken- 
hagen, Kennedy and Fielding (4).] 


CH, OOGR 
HOCH, CH, NH, RCOO GH 
H20-P-OCH» CHCOOH 
OH NH 
CH,OOGR 
HOGH,CHCOOH RCOOGH 
NH i -o-dochscipni _ 
2 OT OSM igre 
OH 


FIG. 5. Phospholipid cycle in decarboxylation of serine. 


was present as phosphatidylethanolamine, rather than 
phosphatidylserine. This result, together with the 
previous studies of Wilson, Gibson and Udenfriend (30), 
and of Bremer, Figard and Greenberg (19), strongly 
suggested that a decarboxylation of phosphatidylserine 
was taking place. Accordingly, phosphatidylserine 
labeled with serine-1-C' was synthesized by chemical 
procedures based on the methods of Baer and Maurukas 
(31). With the aid of this labeled substrate, a phos- 
phatidylserine decarboxylase has been demonstrated in 
liver, brain and other tissues of the rat. A striking 
property of this enzyme is the requirement for organic 
solvents, such as toluene or octanol, for maximum 
activity (Table 1). 

Reactions (1) + (2) constitute a metabolic cycle, in 
which phospholipids act as catalytic intermediates in 
the decarboxylation of L-serine, forming free ethanol- 
amine and carbon dioxide, as shown in Fig. 5. It is 
important to note that the free ethanolamine released in 
this reaction cycle is not derived directly from L-serine, 
but from phosphatidylethanolamine. Previous attempts 
to demonstrate an active decarboxylase for free serine in 
animal tissues have met with failure, indicating that the 
‘phospholipid cycle’ shown in Fig. 5 may be the principal 
mechanism for the production of ethanolamine from 
serine. This suggestion is strongly supported by the 
experiments of Luck and his collaborators (32), who 
reported in 1953 that the administration of large amounts 
of free serine to animals or to man leads to the excretion 
of free ethanolamine in the urine. Nemer and Elwyn 
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(33, 34) showed that the concentration of free ethanol- 
amine in the blood rises markedly shortly after the 
injection of serine, but, if serine-3-C' is used, the free 
ethanolamine of the blood does not have a high specific 
radioactivity. These observations are entirely consistent 
with the mechanism shown in Fig. 5 in which the 
transient high concentration of free serine would lead to 
a displacement of ethanolamine from _phosphatidyl- 
ethanolamine. The appearance of free ethanolamine in 
the blood and the urine would be explained as, also, 
would the fact that the ethanolamine is not derived 
directly from serine. 

The interconversion of phosphatidylethanolamine and 
serine in this cycle leads to significant changes in the 
physicochemical characteristics of the phospholipids, 
since it has been shown that phosphatidylserine is capable 
of binding cations at neutral pH, whereas phosphatidyl- 
ethanolamine has little capacity to bind cations under 
these conditions (35). It is possible that metabolic 
function of these phospholipids may be mediated by 
this or similar reaction cycles. 


BIOSYNTHESIS OF TRIGLYCERIDES 


A scheme for the biosynthesis of triglycerides in liver 
was proposed in 1956 (36), in which glycerol, L-a- 
glycerophosphate, phosphatidic acid and p-a ,f-diglyc- 
eride are successive intermediates (Fig. 6). More recent 
investigations have established that the principal 
features of the scheme also apply to the formation of 
triglyceride in intestinal mucosa (37-39) and adipose 
tissue (40, 41), with the important qualification that 
glycerokinase is absent from these tissues, being found 
only in liver, kidney and heart. For this reason, glycerol 
is not an effective precursor of glycerides in adipose tissue 
or in intestinal mucosa. L-a-Glycerophosphate needed 
for the formation of triglyceride is formed in these tissues 
by the reduction of dihydroxyacetone phosphate—a 
glycolytic intermediate. The esterification of fatty acid is, 
thus, linked to glycolysis—a fact which deserves serious 
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FIG. 6. Synthesis of triglycerides. 
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palmitic aldehyde + L-serine 


Dihydrosphingosine 


{ 
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FIG. 7. Postulated pathways for the biosynthesis of sphingo- 
lipids. 


consideration in efforts to unravel the complex inter- 
relations of lipogenesis and carbohydrate metabolism, 
especially in adipose tissue. 

A principal feature of the over-all scheme depicted in 
Fig. 1 is the relationship between the synthesis of tri- 
glycerides, on the one hand, and lecithin and phos- 
phatidylethanolamine, on the other. Studies with isolated 
enzyme systems revealed that D-a,#-diglycerides are 
intermediates both in the synthesis of neutral fat and of 
these phospholipids. However, investigations on the 
specific localization of fatty acids in triglycerides showed 
a tendency for unsaturated fatty acid residues to pre- 
dominate in the 8 position (42), although the work of 
Hanahan and his collaborators (43) seemed to show 
that the 8 position of egg lecithin was esterified pre- 
dominantly with saturated fatty acids, since these were 
not cleaved by lecithinase A, an enzyme believed to 
attack specifically at the a’ position. More recent work 
by Tattrie (44) and by Hanahan and his collaborators 
(45), has now disclosed that lecithinase A is specific for 
the 8 position of lecithin. The fatty acid pattern of 
triglycerides and of lecithin in rat liver (45) re-evaluated 
in the light of this information, is entirely consistent 
with the proposed scheme of biosynthesis. 

p-a ,B-Diglycerides, like the phosphatidic acids from 
which they are derived, constitute a family of compounds 
with fatty acids which may vary in chain length and 
degree of saturation. The enzyme which converts p- 
a,8-diglyceride to lecithin by reaction with CDP-choline 
(Fig. 1) has a pattern of specificity for diglycerides differ- 
ent from that of the triglyceride synthetase (46), with the 
result that the fatty acid composition of triglycerides and 
lecithin need. not be identical. The same reasonsing 
applies to the fatty acid composition of other glycero- 
phosphatides, such as phosphatidylinositol and of 
lecithin. Both are derived from the same phosphatidic 
acid pool, but by pathways catalyzed by different 
enzymes, which may have varying specificities for the 
fatty acid moieties of their substrates. 


THE BIOSYNTHESIS OF SPHINGOLIPIDS 


Information on the pathways of biosynthesis of 
sphingosine-containing lipids is at present quite incom- 
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plete. However, investigations in several laboratories on 
the formation of these important lipid components of 
brain and nerve are now under way, and the next few 
years will probably see considerable progress in this 
field. The pathways of biosynthesis presently known or 
postulated are shown in Fig. 7. 

Biosynthesis of sphingosine. Isotope-tracer studies in 
vivo by Zabin and Mead (47), and Sprinson and Coulon 
(48) showed that carbon atoms 1 and 2 and the amino 
group of sphingosine are derived from serine, and carbon 
atoms 3 to 18 may be derived from acetate, probably via 
a 16-carbon intermediate. Ethanolamine was found not 
to be an effective precursor of sphingosine. 

An enzyme system conforming to many of the require- 
ments suggested by these findings in vivo was found by 
Brady and Koval (49, 50) in the brains of young rats. 
The following reactions have been suggested by these 
workers to account for the synthesis of sphingosine: 

(3) palmityl CoA + TPNH — palmitic aldehyde + TPN + Co A 
(4) palmitic aldehyde + L-serine — dihydrosphingosine + CO, 
(5) dihydrosphingosine — sphingosine + 2[H] 

Zabin (51) has also observed the conversion of labeled 
serine to a sphingosine derivative, probably a ceramide, 
in a cell-free system from brain. Some of the properties 
of this system are similar to those described by Brady 
and Koval. Hoshishima, Vignais and Zabin (52) have 
more recently purified about 40-fold an enzyme which 
catalyzes the reduction of palmityl CoA to palmitic 
aldehyde. This enzyme, in contrast to that described by 
Brady et al., utilizes DPNH for the reduction, rather 
than TPNH. 

Enzymatic synthesis of psychosine. The formation of 
psychosine (sphingosine  galactoside) from free 
sphingosine and uridine diphosphate galactose, catalyzed 
by an enzyme present in microsomal preparations from 
guinea pig or rat brain, has been described by Cleland 
and Kennedy (53): 

(6) UDP-galactose + sphingosine — sphingosine galactoside + 
UDP 


Both sphingosine itself and dihydrosphingosine are 
effective acceptors tor galactose in this reaction. A 
number of other compounds closely related to sphingosine 
also show some activity. In contrast, the enzyme is quite 
specific for uridine diphosphate galactose, since free 
galactose or galactose-1-phosphate is much less effective 
as a hexose donor. 

Role of ceramides. As mentioned above, the labeled 
product derived from serine in Zabin’s experiments (51) 
had properties resembling those of a ceremide. The exact 
sequence of reactions leading to this product remains 
unclear. Since the cofactor requirements described by 
Zabin are somewhat similar to those found by Brady 
and Koval (49) for the synthesis of free dihydro- 
sphingosine, it is possible that free sphingosine is formed 
and then acylated to yield a ceramide. However, the 
exact stage at which the long-chain fatty acid amide is 
formed is still uncertain. 

Enzymatic synthesis of sphingomyelin. 


Sribney and 
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Kennedy (54) have described some properties of an 
enzyme (phosphorylcholine-ceramide transferase) pres- 
ent in liver and other tissues, which catalyzes the 
synthesis of sphingomyelin according to the following 
equation: 


(7) CDP-choline + ceramide — sphingomyelin + CMP 


This enzyme exhibited a high degree of specificity both 
for CDP-choline and the acceptor ceramide. However, 
ceramides with the threo configuration of hydroxyl and 
amino group were much more reactive than those with 
the erythro configuration, although the naturaily 
occurring sphingolipids appear to contain exclusively the 
erythro isomer. The explanation for this anomalous 
finding is not apparent, but it is possible that the threo 
ceramides may be able to penetrate more readily to the 
enzyme surface, under the conditions of incubation in 
vitro. 

Cerebroside formation. Burton, Sodd and Brady (55 


have shown that the microsomal fraction of brain 


derived from young rats contains the enzymes necessary 


for the incorporation of glucose or galactose into a neutral 


glycolipid fraction. Uridine diphosphate galactose was 


the most effective hexose donor. Chromatographic and 


infra-red spectrai studies indicated that the radioactive 


glycolipid formed was a cerebroside, suggesting the 
following reaction: 


(8) UDP-galactose + ceramide — cerebroside + UDP 


However, efforts to establish the nature of the lipid 
acceptor in these experiments were unsuccessful. The 
assay procedures used would not have detected the 
intermediary formation of psychosine. For this reason, it 
is not clear whether a ceramide is formed and reacts with 
UDP-galactose to give a cerebroside, or whether psy- 
chosine is first formed and then later acylated to yield a 
cerebroside. It is possible that both pathways are opera- 
tive and may lead to glycolipids of different structure, 
e.g., gangliosides or cerebrosides. 
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Biosynthesis of saturated fatty acids 


F. LYNEN 
Max-Planck-Institut fiir Zellchemie, Miinchen, Germany 


Raven SINCE THE CLASSICAL INVESTIGATIONS of Schén- 
heimer (1), Sonderhoff (2), Rittenberg and Bloch (3) in 
the decade following 1935, it has been generally ac- 
cepted that fatty acids are synthesized from acetate. 
After the discovery of the metabolically active form of 
acetate, acetyl CoA, had led to the isolation and char- 
acterization of the enzymes of the fatty acid oxidation 
cycle (4-6) it was an obvious assumption, that fatty 
acid synthesis from acetyl CoA could be achieved by 
the same enzymes, since each step in fatty acid degrada- 
tion is reversible (Fig. 1). 

There is, however, a serious difficulty underlying this 
assumption. The equilibrium of the thiolase reaction 
which catalyzes the condensation of acyl CoA with 
acetyl! CoA to form the homologous £-ketoacyl CoA, 
does not favor the synthetic process (7). The concentra- 
tion of the ketoacid derivative formed in this manner 
can only be very small under physiological conditions, 
as calculated from the known equilibrium constant (8). 
This difficulty could be circumvented, however, by as- 
suming that the ketoacyl CoA formed is continuously 
removed by the subsequent reductive steps, thus shifting 
the equilibrium of the thiolase reaction in the direction 
of synthesis and effecting the synthesis of saturated 
acids. As a result of the discovery by Langdon (g) and 
by Seubert et al. (10) of a new enzyme in mam- 
malian liver, which was able irreversibly to reduce CoA- 
thiolesters of unsaturated acids to the saturated ones 
with TPNH, it was possible to construct a system com- 
posed of purified enzyme components and electron 
donors such as DPNH and TPNH, which was able to 
synthesize fatty acids (10). 

Following these experiments and similar experiments 
of Popjak et al. (11) we felt we had succeeded in imi- 
tating a biological process. While we now know that 
other mechanisms for fatty acid biosynthesis exist, this 
scheme remains as a valid alternative or complimentary 
mechanism. Mitochondria, containing all the enzymes 
of fatty acid oxidation cycle, should be able to synthesize 
fatty acids in this manner. Wakil (12) has reported on a 
different mitochondrial system requiring ATP in addi- 
tion to TPNH for the synthesis of fatty acids from acetyl 
CoA, although the implications of these new results 
await the details of the action of the ATP. 

The equilibrium in the case of the malonyl-CoA sys- 
tem for the synthesis of fatty acids which Wakil (13) 
brought to light is quite different. The advantage gained 


in substituting malonyl CoA for acetyl CoA is very 
evident (14). 


O O ? COOH O 


| | /R—C—SCoA + CH;—C—SX 
R—C—SCoA + CH;—C—Sx | —G—SCoA . CH,—C—SX 


ine 


| 
| | ! 
¥ | 
. 


oO oO 4 1 
i \| | i] i 
er R—C—CH,—C—SX 
R—C—CH;—C—SX + HSCoA | + HSCoA + CO, 


The condensation of acyl CoA with the thioester of 
malonic acid leads to the same $-ketoacyl derivative as 
with the thioester of acetic acid, but in this case the 
simultaneous liberation of COz shifts the equilibrium 
toward synthesis. From a chemical standpoint, the reac- 
tion may be classified as an acylation of malonic ester 
(Fig. 2). The nucleophilic methylene group of malonyl 
CoA adds to the electrophilic carbonyl carbon of the 
thiolester, which is possibly further activated by an 
electrophilic center of the enzyme. The intermediate 
formed is converted to the ketoacyl derivative by the 
elimination of CO, and mercaptan. The primary prod- 
uct is the enol, which can subsequently tautomerize to 
the keto acid. 

With respect to the malonyl CoA, formation by car- 
boxylation of acetyl CoA, we now know that CO» acti- 
vation occurs by the following scheme (Fig. 3) (13-17). 

The reaction belongs to the class of carboxylation 
processes, in which biotin participates as the coenzyme 
(17, 18). We may assume, that the carboxylation follows 
the same mechanism as elucidated for the carboxylation 
of B-methylcrotonyl CoA (19, 20) implying that the 
“active CO,” is in the form of N-carboxybiotin. This 
is shown symbolically in the reaction sequence. 

This scheme must be considered with some reserva- 
tion, because it is supported only by the demonstration 
that biotin is the cofactor of the enzyme (18, 21) and 
by the balance of the ATP cleavage (17 and personal 
communication, Wakil). Further details of the mecha- 
nism of malonyl CoA formation will doubtlessly prove 
to be interesting. For example, alternative pathways 
leading to malonyl CoA may exist. Reports from vari- 
ous laboratories (9, 22-24), including Dr. Numa (25) 
in my laboratory with rat liver extracts,. have shown 
that isocitrate is required for the incorporation of acetate 
into fatty acids. The isocitrate effect cannot, however, 
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FIG. 2. Mechanism of the formation of 8-ketoacids from malonyl 
thioester. 


be explained by its ability to give rise to bicarbonate or 
reduced TPN and must remain for the moment unex- 
plained (25). 

In addition to this, malonyl CoA may be formed 
from precursors other than acetyl CoA. Hayaishi (26) 
has reported on the ATP dependent activation of 
malonic acid with CoA, and Beinert and Stansly (27), 
as well as Menon and Stern (28), have observed a 
transfer of CoA from acetoacetyl or succinyl CoA to 
malonate. It is not clear whether the latter reaction is of 
physiological significance or whether it is merely the 
outcome of the rather broad specificity of the well-known 
acetoacetyl-succinate-thiophorase (Fig. 4). The partici- 
pation of these reactions also depends on the level of 
free malonic acid formed in normal metabolism. 

Another pathway to malonyl CoA was discovered 
during investigations with Clostridium kluyveri extracts 
conducted by Vagelos (2g) in Stadtman’s laboratory on 
the degradation of propionic acid via acrylyl] CoA and 
8-hydroxy propionyl CoA to malonyl-semialdehyde CoA, 
which can be, in turn, further dehydrogenated by TPN 
to form malonyl CoA (Fig. 4). 

Let us now turn to the second phase of fatty acids 
synthesis, which is the conversion of malonyl CoA to 
higher fatty acids. We will refer to the enzyme system, 
which is responsible for these reactions, as “fatty acid 
synthetase.”” It behaves as a single enzyme during the 
fractionation and is widely distributed in animal tissues 
(30) particularly liver (25, 30-32), brain (33), adipose 
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FIG. 3. Mechanism of the carboxylation of acetyl-CoA. 
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FIG. 4. Metabolic reactions leading to the formation of malonyl 
CoA. 


tissue (34), and lactating mammary glands (30). Highly 
active preparations may also be obtained from yeast 
(8, 14). Investigations of the catalytic nature of the 
purified enzyme, carried out in various laboratories 
(8, 31-35), support the following equation for fatty acid 
synthesis from malonyl CoA: 


COOH 


| 
(1) CH;—CO-SCoA + n CH,—CO-SCoA + 2n TPNH + 
2 n H+ — CH;—(CH2—CH:)n—CO-SCoA + n CO: + 
n HSCoA + 2n TPNt + n H.O (for palmityl CoA: n = 7) 


When DPNH is substituted for TPNH, the rate de- 
creased by about 75%. In our hands, the purified yeast 
enzyme yields palmityl and stearyl CoA as the principal 
products (8, 35), accompanied by minor quantities of 
shorter, even numbered fatty acids. Enzymes derived 
from animal sources yield mainly free palmitic acid 
(31-34, 36, 37). According to Porter and Long (38), 
palmityl CoA is the primary product and is subsequently 
cleaved by a ceacylase present in impure preparations. 
A very characteristic property of the synthetase is the 
absolute requirement for acetyl CoA, which is incor- 
porated into the final fatty acid product. The acetyl 
CoA acts as a “primer” in fatty acid synthesis. It is 
incorporated into the “tail” end of the fatty acid, which 
is formed by the successive addition of Cy-units derived 
from malonyl CoA to the “primer” acyl CoA (Fig. 5). A 
large number of saturated acyl CoA such as propionyl, 
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butyryl, hexanoyl CoA, and, in the case of the yeast 
enzyme, even palmityl CoA, can replace the acetyl CoA 
as the primer (8, 31, 35). 

Obviously, when propiony! CoA is used as the primer, 
odd numbered fatty acids are formed. Branched chain 
acy! CoA, such as isovaleryl CoA, can also be used as a 
primer, in which case fatty acids, branched at the tail 
end, are produced (39). In contrast, the intermediate 
compounds which occur in the course of fatty acid 
degradation such as a,$-unsaturated, 6-hydroxy and 
8-ketoacyl CoA derivatives, have been tested by Wakil 
and Ganguly (31) and by us (8, 35), and have been 
shown to be ineffective as primers for fatty acid syn- 
thesis from malonyl CoA. Consequently, these com- 
pounds are not intermediates in the course of fatty acid 
synthesis. 

To explain this observation, Wakil and Ganguly (31) 
suggested a mechanism of fatty acid synthesis as shown 
in Fig. 6. An essential part of their proposed scheme is 
the formation of dicarboxylic acids intermediates, which 
are decarboxylated after reduction to alkylmalonic acid 
derivatives. The saturated acyl CoA thus formed con- 
denses, in turn, with a second molecule of malonyl CoA. 
As can be seen, the saturated acyl CoA would be an 
intermediate, but not the substituted derivatives of the 
B-oxidation sequence, which is in complete agreement 
with the experimental observation. On the other hand, 
from the standpoint of energetics, such a scheme cannot 
take advantage of the decarboxylation of malonyl CoA 
for a synthetic reaction. We felt this to be a serious ob- 
jection to the scheme. 

After considerable effort in collaboration with Ingrid 
Kessel and Dr. Hermann Eggerer (35), we were able to 
get some insight into the secrets of this process. The first 
inkling of the direction which we were to follow came 
from the observation, that fatty acid synthesis can be 
inhibited by sulfhydryl blocking agents, such as iodo- 
acetamide or arsenite (14). At .o1 molar concentration, 
the enzyme was inhibited completely by both agents, 
and even with 1074 molar concentration, some inhibition 
is observed (8). In view of this sensitivity, we routinely 
added thiols, such as cystein or glutathione, to the in- 
cubation mixtures, which resulted in a stimulation of 
fatty acid synthesis. In order to explain the stimulation 
by thiols and the inhibition by sulfhydryl binding agents, 
we assumed that the enzyme itself contains SH-groups, 
which are indispensible for the catalytic effect (8, 35) 
[cf Brady et al. (40)]. This fact, taken together with our 
repeated inability to demonstrate any free intermediates 
in the synthetic process, leads us to the working hypoth- 
esis that the actual mechanism involves a transfer of the 
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FIG. 5. Origin of the carbon atoms of palmitic acid. 
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CH,COCoA + HOOCCH:COCoA ——> 


y 


TP! 
CH;COCH(COOH)COCoA ————> 


—H,0 
CH,CHOHCH(COOH)COCoA ———> 

TPNH 
CH,CH=C(COOH)COCoA ———> 


CHCH:CH(COOH)COCoA —> | 
CH;CH:CH:COCoA + CO: 
FIG. 6. Scheme of fatty acid synthesis by Wakil and Ganguly. 


acyl portion of the coenzyme A esters to the sulfhydryl 
groups on the enzyme itself. We have obtained experi- 
mental evidence to support the following reaction scheme 


(eq. 2-7): 


COOH COOH 


(2) CHz—COSCoA + HS-enzyme = CH:—COS-enzyme 
+ HSCoA 


COOH 
(3) CH;—(CH2z—CH2),n—COSCoA + CH2—COS-enzyme = 
O 


| 
CH3;—(CH2—CH2) n—C—CH2—COS-enzyme + CO, 
+ HSCoA 
O 


I 
(4) CHs—(CH2—CH2), —-C—CH:—COS-enzyme + TPNH 
OH 
+ H+ = CH;—(CH:—CH:),—CH—CH:—COS-enzyme + 
TPN+ 
OH 
(5) CH;—(CH,—CH:),—CH—CH:—COS-enzyme = 
CH;—(CH:—CH:), -CH=CH—COS-enzyme + HO 
(6) CH;—(CH:—CH:), —CH=CH—COS-enzyme + TPNH 
+ Ht — CH;—(CH2—CHe2)n,1—COS-enzyme + TPN* 
(7) CHs—(CH2—CHe)n,1—COS-enzyme + HSCoA = 
CH;—(CH:—CH2)n1—COSCoA + HS-enzyme 
COOH 








(8) sum: CH3;—(CH2—CH2),—CO-SCoA + CH2:—CO-SCoA + 
2 TPNH + 2 H* CH;—(CH2—CH2)n,1—CO-SCoA 
+ CO, + HSCoA + 2 TPNt + H.O 


Thus fatty acid synthesis is accomplished through the 
repetition of a cycle of these six consecutive reactions. 
The process is visualized as being initiated by the trans- 
fer of the malonyl residue from malonyl-CoA to the 
enzyme to form a malonyl-S-enzyme (eq. 2). The next 
step is the most distinguishing point in this scheme: the 
condensation of the saturated acyl CoA with the malonyl] 
enzyme to form the §-ketoacyl enzyme (eq. 3). The 
accompanying decarboxylation merely adheres to the 
principle discussed earlier. It is significant that the 
condensation product is a B-ketoacyl enzyme rather than 
the 8-ketoacyl coenzyme A. This is important from the 
biosynthetic point of view, since otherwise the thermo- 
dynamic advantage gained by the decarboxylation of 
malonyl CoA would be lost through the thiolytic cleav- 
age of acetoacetyl CoA catalyzed by the enzyme thiolase. 
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After condensation, there follows a stepwise conver- 
sion involving first a reduction to the 6-hydroxyacy] 
enzyme (eq. 4), then a dehydration to the dehydroacy] 
enzyme (eq. 5), and, finally, a reduction to the saturated 
acyl enzyme (eq. 6). The saturated acyl group thus 
formed can be transferred back to coenzyme A (eq. 7). 

In these six steps, the carbon chain of the acyl CoA, 
with which we started, has been increased by two car- 
bon atoms in a reaction sequence requiring one mole 
of malonyl CoA and two moles of TPNH (eq. 8). This 
elongated acyl CoA then reacts with malonyl! enzyme in 
a new condensation sequence. It is also possible that the 
acy! CoA is not a required intermediate in ihe reactions 
which result in the elongation of the carbon chain, but 
rather that the acyl-S-enzyme can directly condense 
with another malonyl-S-enzyme. The exclusion of the 
acyl CoA derivates could be facilitated if more than 
one sulfhydryl is present at the active site of the enzyme. 
However, the transfer back to the CoA must at some 
point be an integral part of the reaction sequence since 
the final product is always an acyl CoA. 

The first experimental support for this scheme was 
the identification of the intermediate formation of a 
8-keto-acyl-enzyme, namely acetoacetyl-enzyme (8, 35). 
When 1-C"*-labeled acetyl! CoA and malonyl CoA were 
incubated with stoichiometric amounts of the purified 
yeast enzyme and the protein was precipitated by the 
addition of trichloroacetic acid, it contained bound 
radioactive acetoacetate, which could be released by mild 
alkaline hydrolysis and which yielded radioactive ace- 
tone upon decarboxylation (Fig. 7). When the washed 
precipitated acyl protein was treated with potassium 
borohydride, and then subjected to alkaline hydrolysis, 
radioactive §-hydroxybutyric acid was isolated. In this 
case, we determined the position of the radioactive 
carbon by the van Slyke (41) oxidation procedure. The 
acetone thus formed contained all the radioactivity, the 
CO, being practically free of radioactive carbon (Fig. 7). 
This result proved unequivocally that the condensation 
of acetyl! CoA and malonyl CoA had occurred in the 
manner depicted in Fig. 7.* 

I learned at the present Federation Meetings that 
during the past year our finding of 6-ketoacyl enzyme 
has been confirmed by Alberts and Vagelos (42) with 
an enzyme system from Clostridium kluyveri. We have 
since been able to further unravel some of the details of 
this complicated enzymic process. First, we could prove 
that the synthetase from yeast also catalyzes the con- 
densation of higher acyl CoA compounds with malonyl 
CoA to form the corresponding {$-ketoacyl enzymes. 
Thus, 8-ketodecanoyl-enzyme is formed when 1-C!- 
octanoyl CoA is incubated with malonyl CoA and 
stoichiometric amounts of enzyme. The reaction product 
can be hydrolyzed to the free ketoacid and has been 
identified by decarboxylation to radioactive methyl- 
heptyl ketone. It turned out, furthermore, that both re- 


* These results have been also presented at the Rudolf Schoen- 
heimer Lecture in New York (April, 1960). 
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FIG. 7. Identification of acetoacetyl enzyme. 


actions were reversible in agreement with thermo- 
dynamic calculations. This is to be expected from the 
work of Vagelos (43, 44), who discovered that Clostridium 
kluyveri extracts catalyze an acyl CoA dependent ex- 
change reaction between labeled bicarbonate and the 
free carboxyl group of malony! CoA. Using Vagelos’ 
technique (44), we demonstrated that the fatty acid syn- 
thetase from yeast also catalyzes the incorporation of 
labeled CO» into malonyl-CoA when a saturated acyl 
CoA derivative, for example caprinyl CoA, is added 
(eq. 9 and 70). 


* 
COOH 
CH.—C—SCoA + HS-enzyme = 


O 
(9) ‘“ 
COOH 
| 
CH.—C—S-enzyme -+ HSCoA 
I 
\| 
O 
* 
COOH 
R—C—SCoA + CH,—C—S-enzyme = 
\f8) O O 


* 
R—C—CH,—C—S-enzyme + CO, + HSCoA 


O O 








oc oh at Gh Ar 


tic 
de 


Tee 








lume 20 


zyme 


CoA 


71e 


1ermo- 
ym. the 
tridium 
nt ex- 
nd the 
agelos’ 
id syn- 
‘ion of 
d acyl 
added 


HSCoA 


HSCoA 








December 1961 


But since the rate of exchange observed was only about 
20 % of the rate of fatty acid synthesis, we can conclude 
that the equilibrium of the condensation lies on the side 
of B-ketoacy! formation, as discussed before (page 941). 

The next step was to try to isolate the 8-ketoacyl en- 
zyme in its native form. We did not succeed, however, 
due to a slow hydrolysis reaction yielding the free keto- 
acid (8). Compared with the rate of fatty acid synthesis, 
the rate of hydrolysis is 3,000 times slower and is, there- 
fore, negligible with regard to fatty acid synthesis, but 
in experiments requiring large amounts of enzyme, the 
hydrolysis does not permit the isolation of the native 6- 
keto acyl enzyme. 

In order to demonstrate the manifold catalytic activi- 
ties attributed to the enzyme, we were able to utilize 
the earlier experience gained, by replacing the compli- 
cated coenzyme A residue by N-acetyl cysteamine or 
pantetheine (45, 46). For the problem under discussion, 
this technique proved to be tremendously useful, so that 
we are now able to demonstrate every single reaction 
step in the sequence independent of preceding or sub- 
sequent reactions. The affinity of these model compounds 
is generally rather low compared with the natural sub- 
strated. This can be circumvented by employing high 
concentrations of the model substrates. 

The observation that purified yeast-synthetase is able 
to utilize acetyl and malonyl pantetheine in place of 
acetyl and malonyl CoA enabled us to investigate the 
initial malonyl transfer from CoA to enzyme sulfhydryl 
(8). In accord with the proposed mechanism, we were 
forced to conclude that malonyl pantetheine transfers 
the malonyl group to the enzyme in the same way as 
malonyl CoA (eq. 17). Consequently the enzyme should 
catalyze the transfer of the malony] residue from malony] 
CoA to pantetheine (eq. 72). 


(2) malonyl CoA + enzyme = CoA + malonyl-enzyme 
(11) malonyl-enzyme + pantetheine — 
enzyme + malonyl-pantetheine 


(enzyme) 
- 








(12) malonyl-CoA + pantetheine 
CoA + malonyl-pantetheine 


In the experiment presented in Fig. 8, various amounts 
of purified synthetase were incubated with 2-C'-malonyl 
CoA and pantetheine and the formation of labeled 
malonyl pantetheine was determined. The enzyme 
proved to be a very efficient malonyl-transacylase, cata- 
lyzing the transfer of malonate at more than four times 
the rate required for the over-all fatty acid synthesis (8). 
In addition to this, Hagen in my laboratory was able to 
demonstrate that the ratio between synthetase and 
transacylase-activity remained constant in the course 
of a 200-fold purification of the enzyme. Thus it is evi- 
dent that this transacylase activity is intimately associ- 
ated with the synthetase and is not a separate entity. 

I shall turn now to the condensation step. The par- 
ticipation of the B-keto acyl thiol derivative in the con- 
densation can be demonstrated by studying the reverse 
reaction with radioactive bicarbonate (eq. 13). 
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(13) CH;—C—CH.—C—S—CH,—CH,—NH—CO—CH; 
O O 
* 
+ CO, + HSCoA 
OK 
COOH 
l u 
CHG SoA --° CH, -C—S— CH — elt, _ NB —CO— cr 
O O 


The incorporation of radioactive CO, into S-malonyl-N- 
acetylcysteamine, which could be isolated and identified, 
is dependent upon the addition of the 6-ketoacid thiol- 
ester. This can be seen in Fig. 9, which shows that the 
fixation of CO: into the malonyl moiety is directly re- 
lated to the concentration of S-acetoacetyl-N-acetyl- 
cysteamine, which can be utilized by the enzyme. Rather 
high concentrations of the synthetic model substrate are 
required in this reaction. 
This is also true in the assay for the next step, the re- 
duction of the 6-ketoacyl derivatives by TPNH (eq. 74): 
O O 
| 1] 
(14) CH;—C—CH,—C—SCH,CH,NHCOCH, + TPNH + H+ 
OH O If 
, | 


| | J 
CH;—CH—CH,—C—SCH:CH,NHCOCH; + TPN+ 
[p(—)-6-hydroxybutyry]] 


In Fig. 10, the dependence of the rate of TPNH-oxida- 
tion on the concentration of the model substrates aceto- 
acetyl-CoA and S-acetoacetyl-N-acetyl-cysteamine is 
shown. As can be seen, the characteristic Michaelis- 
Menten curves are not obtained at the level of synthetic 
substrates employed. However, by the graphical ex- 
trapolation, using the method of Lineweaver and Burk 
(47), a Michaelis constant of 1 X 107? [moles substrate 
per liter] was estimated for both substrates. 

We can compare the reduction of acetoacety] CoA or 
S-acetoacetyl-N-acetyl-cysteamine by the synthetase en- 
zyme with the 6-hydroxyacyl-dehydrogenase operating 
in fatty acid degradation. There are, however, several 
points of difference. One is the low affinity of the syn- 
thetase for acetoacetyl CoA, while the corresponding 
enzyme in the oxidation sequence has a high affinity 
for this substance (48). This would be expected, since the 
CoA derivative is no better a model than the cysteamine 
derivative for the synthetic enzyme. Another point of 
difference is the specificity of the synthetase for TPNH 
and the p(-)-8-hydroxybutyryl derivative in contrast to 
DPNH and 1(+)-8-hydroxybutyry! CoA (48). 

The same difference in stereospecificity was also found 
in the subsequent enzymic reaction, the dehydration of 
the 8-hydroxy derivative to the a,8-unsaturated com- 
pound. This step was demonstrated by the use of S-8-hy- 
droxybutyryl-N-acetyl-cysteamine as a substrate and by 
following the characteristic absorption of -dehydroacyl 
thioesters at 263 my, found by Seubert in my laboratory 


(45) (eq. 15). 























FEDERATION PROCEEDINGS 





Volume 20 

















id 
FIs . / 
100%- exchange é E334 mp Acetoacetyi-CoA 
_—— o— F I G 9 i 

500044 a e si Min i 

§ 1600; ; 

Fy 20 + Ed 
400045 2 A 

= 12004: 

Fs / ° 
3000458 ° E 

= / o ° S-Acetoacetyl - N- Acetyl 

Cn * 600+ / 10 - Cysteamin 
20007 = / d 

$. / 

00° 
1000 + naa! 
1 Protein uM S-acetoacetyl -N-acetyicysteamine pM Substrat 
T T T T ’ T T T T ~— 
2 4 6 8 10 50 100 0.5 10 15 


Fic. 8. Malony] transfer between malonyl CoA and pantetheine. 
100 uM K-phosphate, pH 6.5, 15 uM cysteine, 0.115 mM 2-Cl4- 
malonyl CoA (=52,000 cpm/yM) 1.11 4M pantetheine in a total 
volume of 1.5 ml were incubated 10 min at 23 C. After the addi- 
tion of 0.1 ml 2 N H2SO, to stop the reaction, malonyl pantetheine 
and malonyl CoA were separated by phenol extraction and 
chromatography on Dowex 2. The malonyl pantetheine is eluted 
from the Dowex column by M formic acid. 

Fic. 9. Dependence of C'O,-incorporation into S-malonyl-N- 
acetyl-cysteamine on the concentration of S-acetoacety|-N-acetyl- 
cysteamine. The incubaticn mixtures contained 50 ym Tris-buffer, 
pH 7.5, 5 #M cysteine, 5 uM ethylenediamine tetraacetate, 2 uM 


OH O 
(15) .CH;—CH—CH,—C—S—CH;—CH;—NH—CO—CH; = 
[p(—)-6-hydroxybutyry]-| 
CH; H 
C=C 
H C—S—CH.,CH,:NHCOCH; + H,O 


O 


In this way, it was observed that only the p-6-hydroxy- 
butyryl thioester was dehydrated, in contrast to 
crotonase, which was shown by Stern and Del Campillo 
(49) to be specific for the L-compound. Furthermore, 
crotonase does not react with the model N-acetyl- 
cysteamine derivatives, even at high substrate concen- 
trations (unpublished experiments). With the synthetase 
S-crotonyl-N-acetyl cysteamine is formed. The isolated 
product could be identified by its characteristic ultra- 
violet-absorption, which is quite different from a spec- 
trum of an isocrotonyl-thioester, as observed by Stern 
and Del Campillo (49). 

S-crotonyl-N-acetyl-cysteamine was used as a_ sub- 
strate for the fifth step in the reaction sequence. The re- 
duction to the butyryl-derivative was followed spectro- 
photometrically by way of the consumption of reduced 
TPN. Before going into these experiments, I want to 
explain briefly the purification procedure employed in 
the isolation of the synthetase from yeast, which was per- 
formed by Ingrid Kessel and Dr. Eckehard Lorch in my 
laboratory. The procedure is summarized in Table 1. 
By repeated fractional precipitation with ammonium 
sulfate, adsorption on calcium phosphate gel, removal of 





KHC"O; (2 X 10° cpm/pM), 0.15 uM CoA, 1.05 mg synthetase 
protein (sp. act. 150) and S-acetoacetyl-N-acetyl-cysteamine, as 
designated in the figure. Total volume: 0.5 ml. After 15 min 
incubation at 30 C the mixture was acidified with 0.5 ml 5 Nn 
acetic acid and the fixed radioactivity was measured. 

FIG. 10. Dependence of the initial rate of TPNH oxidation on 
the concentration of model acetoacetyl thioesters. 1 cm cuvettes 
contained 100 um K-phosphate, pH © 5, 15 uM cysteine, 0.12 pM 
TPNH, 9,4 vy synthetase protein and S-acetoacetyl-N-acetyl 
cysteamine or acetoacetyl CoA, as designated in the figure. Total 
volume: 1.5 ml. Temp.: 20 C. The rate of TPNH disappearance 
was measured at 334 mu. 


TABLE 1. Purification Procedure of Fatty Acid 
Synthetase from Yeast 
(Extract from 200 g baker’s yeast) 


> : > | Specific 
Fraction Prag” | gulace | Acti 
1. Yeast extract 35,300 |(141,250)| 4 
2. First (NH,)2SO, fractiona- | 6,740 | 154,380 | 23 
tion (35-50) | 
3. Ca3(POx,)o-gel eluate 495 76,250 | 154 
4. Second (NH4).SO, fractiona- 179 56,250 | 314 
tion (35-50) 
5. Supernatant of alumina Cy 103 45,500 44 
6. Chromatography on hydroxy- 40 31,250 | 775 


apatite 


* One milliunit (mU) of enzyme catalyzes the incorporation 
of 1 mum malonyl! CoA (equiv. the oxidation of 2 mum TPNH) 
per minute at pH 6.5 and 20 C. 


impurities by alumina gel, and column chromatography 
on hydroxyapatite, the enzyme of the crude yeast ex- 
tract could be purified about 200-fold. A further con- 
centration of the enzyme was achieved by sedimentation 












of the total activity in the centrifuge at 100,000 X g for 
5 hr. 

The pellet formed had a striking yellow color, which 
suggested a high flavin content. We have now succeeded 
in proving that flavin mononucleotide is actually re 
sponsible for the yellow color, and that this nucleotide 
functions in the hydrogen transfer to the double bond in 
the second reductive step of fatty acid synthesis (Fig. 11). 
The flavin can be separated from the enzyme by 
treatment with acid ammonium sulfate solution, as de- 
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TPN* TPNH +H* 
FMN-H) FMN 
9 9 
CH5-CH=CH-C-s CH3- CHp- CHy- C-S 
(CH>)5 (CH2)2 
CH,-CO-NH CH3~CO-NH 


FIG. 11. Participation of FMN in the reduction of the crotonyl 
moiety by TPNH. 


scribed by Warburg and Christian (50). The colorless 
protein precipitated in this procedure is almost com- 
pletely inactive, but it can be reactivated by the addition 
of flavin mononucleotide. In contrast to the cor- 
responding fatty acid degradation enzyme (51, 52), 
flavin adenine dinucleotide is largely ineffective as a 
coenzyme. 

Definite proof for the participation of this flavoprotein 
in fatty acid synthesis was established by the fact that the 
addition of flavin mononucleotide also reconstituted the 
over-all process to a certain extent. Table 2 contrasts the 
specific enzyme activities of the acid-treated preparation 
in the presence and absence of FMN. The addition of the 
flavin stimulated the crotonyl reduction and the over-all 
process of fatty acid synthesis from acetyl-CoA and 
malonyl CoA, but was without effect on the other en- 
zymic reactions. The degree of reactivation was identical 
for the crotonyl reduction and the over-all reaction as 
documented by the last column. 

Examination of the values of the first column shows 
the specific activities of the intact enzyme for the various 
enzymic reactions. It is apparent that the rate of some 
of the reactions with the model substrates is slower than 
the rate of the over-all process with the natural substrates. 
This is, however, not surprising, inasmuch as our sys- 
tematic studies on the enzymes of fatty acid degradation 
had shown (46) that the natural substrates exceed model 
compounds, not only in respect to their affinity for the 
enzymes, but also in respect to their turnover number. 
For these reasons, we cannot compare the rates observed 
with the model substrates with the rates observed with 
the natural substrates, which, in this case, are the various 
acyl enzymes. This conclusion is substantiated for ex- 
ample by the experiments on the cleavage and recom- 
bination of the crotonyl-reductase activity, which demon- 
strate that this enzyme must participate in the over-all 
process. 

These experiments yielded still another finding which, 
to our mind, seems to be of utmost importance. Various 
single activities were damaged by the acid treatment to 
remove the FMN from the synthetase. The condensation 
reaction, as measured by the exchange of labeled CO, 
with the free carboxyl group of malonyl CoA (eq. 9 and 
10), is most impaired. But, as it may be seen from the 
third column (table 2), one third of the original activity 
is retained. The fact that the over-all rate is depressed 
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TABLE 2. Effect of FMN Removal on Enzyme Activities 














SPECIFIC ACTIVITY 
(muM SUBSTRATE CONSUMED /mg PROTEIN /MIN) 
TYPE OF REACTION | BEFORE AFTER SPLITTING REACTIVATION - 
SPLITTING FACTOR 
-FMN | +FMN_ | % OF ORIGINAL 
*. ACTIVITY 
TOTAL SYSTEM 270 4.2 34.2 12.7 8 
ACETOACE TYL-REDUCT 360 193 187 51.8 _ 
0-HYDROXYBUTYRYL - 47.5 49 47 99 _ 
DEHYDRATION 
CROTONYL-REDUCT. 316 3.2 25.7 61 8 
MAL-CoA=—=* CO2 52 167 18,8 36 = 
MALONYL- TRANSFER 1260 1250 1290 102 _ 




















The splitting of FMN from the protein was performed as 
follows: 20 mg synthetase protein in 2.5 ml 32% aqueous am- 
monium sulfate solution 0°C was acidified to pH 3.95 with 0.1 
ml 2 M acetic acid. The FMN was adsorbed onto charcoal (20 
mg). The charcoal and the precipitated protein was centri- 
fuged and the protein solubilized with 0.1 mM Na-pyrophosphate, 
pH 8.3. This protein solution was used for the various enzyme 
assays. 

When FMN was added the concentration in the assay was 
0.007 uM/ml. 

Total system of fatty acid synthesis cf. (8); malonyl transfer re- 
action cf. Fig. 8; acetoacetyl thioester reduction cf. Fig. 10; dehydra- 
tation: cuvettes (d = 0.5 cm) contained 500 yum Tris-buffer, pH 
7.5, 20 uM EDTA, 30 ym v,L-S-6-hydroxybutyryl-N-acetyl 
cysteamine and enzyme in a total volume of 1.5 ml. The rate of 
crotonyl thioester formation was measured at 263 my (46); 
crotonyl thioester reduction: cuvettes (d = 0.5 cm) contained 100 
um K-phosphate, pH 7.5, 104m EDTA, 0.5 um DPNH or TPNH, 
10 uM S-crotonyl-N-acetyl cysteamine and enzyme in a total 
volume of 1.0 ml. The oxidation of DPNH or TPNH was meas- 
ured at 340 my against the control cuvette without substrate; 
C1402-malonyl CoA exchange reaction: 50 uM Tris-buffer, pH 7.5, 
5 uM EDTA, 5 uM cysteine, 0.1 uM malonyl CoA, 0.02 um decanoy] 
CoA, 0.03 uM CoA and 1.2 wm KHC?!0O; (1 wC/um) in a total 
volume of 0.5 ml were incubated for 15 min at 30 C. The reac- 
tion was stopped by the addition of 0.5 ml 5 N acetic acid and 
the radioactivity measured. 


even further is, possibly, a result of the summation of non- 
specific damage, leading to the disruption of the organi- 
zation of the total enzyme. 

This idea leads to the most unusual aspect of fatty acid 
synthetase. That is, while purification data and physical 
properties, to be described, would lead us to envision a 
single enzymatic unit, we know that the synthetase cata- 
lyzes an orderly and progressive sequence of reactions. 
The structural unit can be visualized as a combination of 
six different enzymes arranged around a functional 
sulfhydryl group (Fig. 12), which firmly binds the in- 
termediate stages in fatty acid synthesis in close proximity 
to the active sites of the component enzymes (8). In the 
picture we have drawn, the prosthetic group is fixed to a 
separate core, which, in itself, has no catalytic activity. 
Another possibility would be that the prosthetic group is 
firmly attached to one of the participating enzymes, 
possibly the one involved in the condensation. 

The formulation of such a structure could explain: the 
multiplicity of enzyme activities observed to be catalyzed 
by the purified enzyme; the lack of free intermediates; 
and the physical properties of the enzyme. 
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2 TRANSFER 





1 TRANSFER 


\ CONDENSATION 


2.REDUCTION 


DEHYDRATATION 1 REDUCTION 
FIG. 12. Hypothetical structure of the ‘“‘multienzyme”’ complex 
of fatty acid synthesis. The six enzyme units shown refer to the 
six reactions occurring in fatty acid synthesis: 
1. transfer equation 2 
condensation 
1. reduction 
dehydratation 
2. reduction 
2. transfer 


—equation 3 
equation 4 
equation 5 
equation 


Dp 


—equation 7 


The purified synthetase shows a single homogenous 
component in both the Tiselius electrophoresis apparatus 
and in the ultracentrifuge (unpublished E. “oren). 
A molecular weight of about 2 millions has been calcu- 
lated from the sedimentation constant s = 29 [Svedberg]. 
In many respects the fatty acid system resembles the 
submicroscopic structure of the ketoacid oxydase com- 
plex (53). Such structural organizations can assure the 
correct combinations of substrates and cofacturs in 
order to determine a specific structure of the product. 
There would seem to be a gradual transition from the 
relatively primitive enzyme complexes in this case to 
those involved in the more complicated reactions of 
protein synthesis in the microsomes and the multitude of 
functions in the mitochondria. As with the ketoacid oxi- 
dase complexes, it is expected that the component en- 
zymatic activities of the synthetase can be dissociated 
from the functional unit. We have already partially puri- 
fied a protein fraction of yeast having only the malony] 
transferring activity (unpublished, A. Hagen). 

A very interesting reaction is the last step of fatty acid 
synthesis catalyzed by this complex, the transfer of the 
synthesized saturated acid from the sulfhydryl group of 
the complex to coenzyme A (eq. 7). In contrast to the 
malony! transfer, this reaction is specific for coenzyme A, 
and pantetheine or dephospho coenzyme A cannot re- 
place coenzyme A. This enzymic activity is followed by 
measuring the rate of transfer of palmitic acid from pal- 
mityl CoA to radioactive C'-CoA, as shown in eq. 78, 
which is the sum of eq. 16 and 77. 

(16) palmityl CoA + enzyme = CoA + palmityl-enzyme 
* * 
(17) palmityl-enzyme + CoA = enzyme + palmityl CoA 


(enzyme) 


+ + 
(18) palmityl CoA + CoA = == CoA + palmiiyl CoA 


Using various saturated acyl CoA derivatives, Eckhart 
Schweizer has studied the dependence of the rate of this 
acyl transfer on the chain length of the acid. The results 
are presented in Fig. 13. Although as yet fatty acids con- 
taining less than 14 carbons have not been studied, it is 
apparent that maximum activity is achieved with 
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palmitic and stearic acid. This may explain why palmitic 
and stearic acids are the principal saturated fatty acids 
found in nature. Although at any given time all of the 
saturated fatty acids from Cy—C,s will be found in a mix- 
ture of synthetase molecules in comparable amounts, it is 
the specificity of this acyl transfer reaction that de- 
termines which fatty acids will be released from the 
complexes. It would be interesting to study this acyl 
transfer reaction in fatty acid synthesizing systems from 
other sources for comparison. 

In summary, fatty acid synthesis as shown in Fig. 14, 
differs from the reversal of the degradative cycle (Fig. 1), 
in that, although we have the same type of acid inter- 
mediates, they are always enzyme bound. The funda- 
mental difference is in the condensation reaction itself. 
The condensing unit is a thiolester derivative of malo- 
nate, rather than of acetate. As already brought out, the 
driving force is supplied by the concomitant decarboxyla- 
tion of the malony] derivative. Other differences of minor 
importance from the thermodynamic point of view, but 
very important from the mechanistic point of view, are 
listed in Table 3. These differences keep biosynthetic and 
degradative pathways separated. 

For the living cell, there is a distinct safety factor in 
having the synthetic process separated from the deg- 
radative pathway. In the fatty acid system described 


CH3-(CHy-CHp)=CO-SCOA 


‘ COOH 
—_—T CH,-C-SCoA 
S-CoA 0 





7™ 
TPNH +H* TPNH +H! 
TPN*. TPN* 





[trans] 


-H20 [or-)] 


FIG. 14. Reaction scheme of fatty acid synthesis on the “mult: 
enzyme”’ complex. 
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TABLE 3. Comparison of Compounds Involved in the 
Various Steps of Fatty Acid Degradation and Synthesis 




















fatty acid 
Step degradation synthesis 
SH - component HSCoA ? 

C+C=— sc— co Acetyl CoA Malonyl CoA 

. 7 OH DPN, TPN, 
c=0m CC. 

H L(+)-HO-But. | D(-)-HO-But. 

QH 
-CH-CHp- ==-CH=CH- | L(+)-HO-But. | D(-)-HO-But. 
-CH=CH- =- CH -CHy FAD FMN 











here, the price paid by the cell is one extra mole of ATP 
per Co-unit condensed according to eq. 20 (Fig. 15). 

I do not wish to overgeneralize, for it is certainly true 
that in some cases fatty acids are synthesized by reversal 
of the degradative pathway. Such is the case for the 
synthesis of butyric and capric acids by Clostridium kluy- 
vert (54) and the liver fatty acid synthesizing system 
studied by Seubert et al. (10). However, for long chain 
fatty acid synthesis, the usual mechanism appears to in- 
volve the condensation of malonyl-CoA, a versatile in- 
termediate in other reactions as well. We were particu- 
larly interested in the possibility of alternate reactions of 
malonyl CoA, because of the possibility that it was the 
biologically active condensing unit of the “‘polyacetate 
group” of natural substances (14), which includes 
phenols, pyrones, quinones, flavons, anthocyanins, dep- 
sides, and other aromatic compounds. In particular, it 
was Birch (55) who, since 1953, has drawn attention to 
the possibility that long chain poly-keto acids, formed by 
“head to tail’’ linkage of acetate units, could be the pre- 
cursors to the structures of a large number of natural 
aromatic compounds. Such structures could be formed by 
the intramolecular cyclisation of various polyketoacid 
chains. Griseofulvin and eleutherinol are good examples 
of the projection of this concept (Fig. 16). The elucida- 
tion of the structure of tetracycline and macrolides by 
Woodward (56) further extended this idea. 

Incorporation of C' or O labeled acetate into vari- 
ous of these natural products showed the distribution of 
isotope anticipated from a polyacetate hypothesis [litera- 
ture cf. (57) |. But the idea that polyketoacids are formed 
by repeated condensation of acetyl CoA did not appeal 
to me for theoretical reasons, namely the unfavorable 
equilibrium. This difficulty could be overcome if malonyl 
CoA were used (14). Recently, the first piece of experi- 
mental evidence supporting this proposal was obtained 
by M. Tada (57) in my laboratory. We investigated the 
biosynthesis of 6-methyl salicylic acid in Penicillium 
patulum, following the observation of Birch (58), and of 
Tanenbaum and Bassett (59), that acetate was the pre- 
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Reversal of fatty acid oxidation: 
(19) (n + 1) Acetyl-SCoA + 2n (TPNH-DPNH) + 2n H+ => 
CH;—(CH2—CH2)n»—CO-SCoA + nHSCoA + 
2n (TPN*t-DPN*) + n H.O 
Malonyl-CoA-pathway : 
(20) (n + 1) Acetyl-SCoA + 2n TPNH + 2n H+ + n ATP (CO:) 
CH;—(CH,—CH2),—CO-SCoA + n HSCoA + : 
an TPN* + n ADP + nP 


FIG. 15. Two pathways of fatty acid synthesis. 
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FIG. 16. Hypothetical precursors of Griseofulvin and Eleu- 
therinol. 


cursor of this compound. Fractionation of fungal ex- 
tracts yielded a soluble preparation, which catalyzed the 
synthesis of 6-methy] salicylic acid from 1 mole of labeled 
acetyl CoA and 3 moles of malonyl CoA in the presence 
of TPNH. This process is illustrated by the eq. 27: 





* | COOH 
21) CH;—CO—SCoA + 3 CH:.—CO—SCoA + TPNH + H+ 
CH; | 
| + 3 CO: + 4 HSCoA + TPN+ + H:O 
a 


be 
COOH 
dH 


Figure 17 illustrates the incorporation of radioactivity 
into 6-methy! salicylic acid by this enzyme preparation. 
For the separation of the aromatic acid from fatty acids, 
use was made of the formation of a complex of methyl 
salicylic acid with trivalent iron, using ferric chloride 
impregnated filter paper. After chromatography with 
benzene, the fatty acids were found close to the solvent 
front, whereas the 6-methyl salicylic acid remained at 
the origin. Subsequent development of the chromato- 
gram with butanol saturated with water lead to the 
migration of the iron complex of methyl salicylic acid 
as a violet spot. The lower part of the figure shows a 
photograph of such a chromatogram, with the cor- 
responding radioactive tracing above. As may be seen, 
the principal product is 6-methyl salicylic acid. Small 
amounts of fatty acids are also formed since the fatty 
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FIG. 17- Incorporation of C"- 
acetyl CoA into 6-methyl sali- 
cylic acid. The incubation mix- 
ture contained 40 ym K-phos- 
phate buffer, pH 6.85, 7 uM 
ethylenediamine tetraacetate, 0.1 
um TPN, 0.25 mum glucose-6- 
phosphate, 0.3 units glucose-6- | 
phosphate dehydrogenase, 0.04 
um 1-Cl-acetyl CoA (150,000 
cpm), 0.12 uM malonyl CoA, Li: 


fatty acids 





Front of benzene 





Volume 20 





6- Methyl Salicylic acid 


butenol 





Front of 


~ sow ee 





0.76 mg enzyme fraction from 
Penicillium patulum and 0.06 
uM 6-methyl salicylic acid as 


, 








carrier. Total volume: 0.7 ml. 
After 2 hr incubation at 37 C 
the enzymic reaction was stopped and the thioester hydrolyzed 
by the addition of 0.08 ml 2 N KOH. The acidified mixture to 
which was added again carrier methyl salicylic acid (0.3 uM) was 
The ether soluble material was chromato- 


% FeCls- 


extracted with ether. 
graphed on Whatman No. 1 paper impregnated with 2 
solution as described in the text. 


Ch, 
2 hae 
COOH S-CoA i 
on CH,-C-SCoA 
+20 
- 
2 
Ch; 0=C - 
COOH | 6 


Cc C Wer ae 
a 7 % HO~ | - 
HC = - 

~cz0 “HO ~ 0 


Hypothetical reaction scheme of 6-methyl salicylic 
“multienzyme”’ complex. 


FIG. 18. 
acid synthesis on a 
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acid synthetase has not been completely removed by the 
purification procedure. 

It would seem that the enzyme system catalyzing the 
formation of aromatic structures resembles the enzyme 
complex encountered in the studies of fatty acid synthesis 
(Fig. 18). Similarly, it would seem that the intermediate 
ketoacids are bound to the complex by way of a thioester 
linkage. The observation that the synthesis is inhibited 
by iodoacetamide (57) would support this concept. 

Such synthetase systems seem to represent a kind of 
template, on which the building units are assembled 
piece by piece, the product being liberated only after the 
process is completed. We then conclude that the specific 
arrangement of a number of common enzyme activities 
within the complex determines the direction of synthesis, 
that is, whether fatty acids, aromatic compounds, or 
macrolide structures are formed from malonyl CoA and 
TPNH in the presence of a suitable ‘“‘primer,” such as 
acetyl CoA and the same component enzymes. 

The implications of this concept of a concerted enzyme 
action are profound and would appear to add a new 
dimension to enzymology, which raises many interesting 
and challenging problems. Certainly, among these, the 
question of the nature of the integral structure of the 
complex, the forces which ave responsible for this specific 
structure, and the way in which the structure determines 
the product formed are of great importance. Equally im- 
portant is the biochemical genetic mechanism whereby 
the information required for the precise structure of the 
enzyme complex can be transmitted from the parent cell 
to its progeny. 
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J. F. MEAD 
University of California Medical Center, University of California, Berkeley, California 


Dex PRECEDING PAPERS IN THIS SYMPOSIUM have pre- 
sented a very lucid description of the biosynthesis and 
metabolism of the saturated and monosaturated acids. 
Many of the reactions discussed here have applied 
equally to the polyunsaturated acids. However, from 
the initial investigations of these substances, it could be 
surmised that in many respects, they are quite different. 

Although they are available as energy sources, it is 
evident that their most important functions stem from 
their participation in the structures of cellular mem- 
branes, terminal oxidation enzymes, and certain classes 


Dietary Acid Tissue Product 
diencic (linoleic) —>tetraenoic 
triencic (linolenic)—pentaenoic + hexaenoic 
none —trienoic 

FIG. 1. Conversions of polyunsaturated acids as revealed by 

alkaline isomerization. 


of blood lipoproteins. The original nutritional findings 
of Burr and his co-workers (1), indicated that these, 
unlike all other known fatty acids, could not be syn- 
thesized by the animal organism. This was confirmed 
by the tracer studies of Bernhard and Schoenheimer (2), 
and only recently has it been possible to show that under 








CH;—(CH:2)s—CH=CH—CH,—CH=CH 


linoleic 


CH=CH 


CH;—(CH2)s—CH=CH—CH, 


y-linolenic 


CH;—(CH2)4,—CH=CH—CH: 


8,11, 14-eicosatrienoic 


CH;—(CH,)4—CH=CH—CH, 


arachidonic 





certain conditions, representatives of this class of com- 
pounds can be totally synthesized by animals. 

These obvious differences led to considerable experi- 
mentation and speculation on the reactions of the poly- 
unsaturated acids. However, until fairly recent years, 
the only information concerning their possible reactions 
was obtained indirectly with the techniques of alkaline 
isomerization. Holman and his co-workers (3, 4), and 


Synthesis and metabolism of polyunsaturated acids 


(CHe); COOH 
CH,—CH=CH 


CH=CH—CH2—CH=CH—(CHz2)s 





CH=CH—CH,—CH+CH—CH,—CH+=CH—CH,—CH,—CH:—COOH 


FIG. 2 








Reiser (5), obtained the following evidence: Wihen rats 
on a fat-free diet were fed a dienoic acid (lnoleic ), 
dienoic and tetraenoic acids were deposited in their 
tissues; when a trienoic acid (linolenic) was fed, pen- 
taenoic and hexaenoic acids were deposited. On the 
other hand, if the fat-free diet was continued, these 
polyunsaturated acids decreased in the tissues and a 
trienoic acid increased (Fig. 1). 

These findings were difficult to interpret and several 
‘‘far-out” hypotheses were current, discussion of which 
might lead to some embarrassment. first hints as to the 
true nature of these reactions were seen in the tracer 
studies conducted in our laboratorv and that of Klenk, 
and in the nutritional studies of Thomasson (6), who 
found that essentiality in a fatty acid appeared to depend 
on a specific structure of the terminal rather than the 
carboxy] end. 

The reasons for these findings secon became apparent 
from the results of tracer studies. Since our work on the 
biogenesis of arachidonic acid has now been completed, 
I should like to use it as an illustration of the types of 
reactions to be considered. Briefly, the scheme of forma- 
tion of arachidonic acid from linoleic is as in Fig. 2 
(7-10): 
























(CH2)4s—COOH 






CH:—CH:—COOH 











This pathway was traced by a series of experiments 
involving the administration to rats of carbon-14-labeled 
acids, followed by location of the Cin arachidonic acid. 
Acetate-1-C' activity anpeared only in the carboxy 
group of arachidonic acid. Linoleic-1-C™ acid activity 
appeared in carbon No. 1 as a result of its breakdown 
to acetate and in carbon No. 3 directly. Activity from 
y-linolenic-1-C'* acid appeared almost exclusively in 
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CH;—CH,—CH=CH—CH,—CH=CH—CH,—CH=CH— (CH) ;—COOH 


1] linolenic 
| 


v 


CH;—CH,—CH=CH—CH,—CH=CH—CH,—CH=CH—CH,—CH==CH—(CH,)4—COOH 


2/ 


6,9, 12, 15-octadecatetraenoic 


CH;—CH,;—CH=CH—CH,—CH=CH—CH,—CH+=CH—CH,—CH=CH— (CH2)s—COOH 


3 | 8, 11,14, 17-eicosatetraenoic 
| 
ss 


CH;—CH,—CH=CH—CH,—CH=CH—CH,—CH=CH—CH:—CH=CH—CH,—CH=CH— (CH,);—COOH 


4 5,8, 11,14, 17-eicosapentaenoic 


CH;—CH,—CH=CH—CH,—CH=CH—CH,—CH=CH—CH,—CH=CH—CH,—CH=CH—(CH2);—COOH 


| 
5 | 7,10, 13, 16, 19-docosapentaenoic 
¥ 


CH;—CH,—CH=CH—CH,—CH=CH—CH,—CH=CH—CH,—CH=CH—CH,;—CH=CH—CH,—CH=CH—(CH:),.—COOH 


4, 7,10, 13, 16, 19-docosahexaenoic 


FIG. 3 « 


carbon No. 3 of arachidonic acid, showing a very rapid 
conversion of the former into the latter. Finally, the 
activity from 8,11 ,14-eicosatrienoic-2 ,3-C™ acid ap- 
peared only in the corresponding carbons of arachidonic 
acid. 

I do not mean to say that the pathway shown is the 
only possible route from linoleic to arachidonic acid, 
but it is certainly the major one and serves to illustrate 
the types of reactions contributing to the formation of 
the polyunsaturated acids. Starting from the existing 
double bonds of the precursor acid (in this case, linoleic), 
additional double bonds are introduced in the 1:4 
relationship toward the carboxy group, until the next 
additional douk’ ond would be in the aB- or By-posi- 
ion. Chain-leugihening then permits the addition of 


Recently Klenk and Mohrhauer (13), in an elegant series 
of experiments, have demonstrated the reality of the 
previously hypothetical steps 2, 3 and 5 and, also, other 
conversions not on the proposed pathway. It seems 
evident that most of the possible reactions can occur 
under favorable circumstances. 

These results indicated that the polyunsaturated fatty 
acids of the animal body could be built up from dietary 
unsaturated acids by the processes outlined for linoleic 
and linolenic acids. However, evidence soon appeared 
which indicated two different families of polyunsatu- 
rated acids. In an investigation of the nature of the 
trienoic acid which accumulates in the tissues of fat- 
deficient animals (3, 14), it was found that it was largely 
5,8,11-eicosatrienoic, a dihydroarachidonic acid: 


CH;—(CH,);—CH=CH—CH,—CH=CH—CH,—CH=CH—(CH:2)s;—COOH 


one or more double bonds. In the case of the linoleate 
to arachidonic pathway, the process has almost stopped 
at arachidonic acid, although a 22-carbon acid in this 
series has been found. 

Similar experiments with linolenic acid led to the 
conclusion that an almost identical pathway resulted in 
the ultimate formation of an eicosapentaenoic acid and 
docosapentaenoic and -hexaenoic acids (11, 12) (Fig. 3). 


Comparison of the activity incorporated into this acid 
from injected acetate-1-C' with that of oleic acid iso- 
lated from the same rats revealed that the former acid 
was derived from the latter by a pathway similar to those 
previously shown (15). See Fig. 4. 

The intermediate compounds in this pathway have 
also been found in fat-deficient rats. 

In the same experiment, it was found that the eico- 
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CH;— (CH) :—CH=CH—CH,—CH=CH—CH,—CH=CH—(CH2);—COOH 


5,8, 11-eicosatrienoic 


FIG. 4 
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satrienoic acid in fat-deficient rats also contained about 
7% of the 7,10,13-isomer, which must have been de- 
rived from palmitoleic acid, a major fatty acid of fat- 
deficient animals. Other members of this family have 
also been found and a scheme of transformation can be 
formulated as in Fig. 5. 

It is interesting that the ratio of the 7 ,10,13-eicosa- 
trienoic acid to the 5,8,11-isomer is of the same order 
of magnitude as is the ratio of palmitoleic to oleic acid, 
indicating little selectivity by the enzymes for these 
particular isomers. 

We may thus conclude that there are four families of 
polyunsaturated acids in the mammalian body, two 
derived from the dietary acids (linoleic and linolenic), 
and two derived from the monounsaturated acids (oleic 
and palmitoleic), which are themselves synthesized from 
acetate. These families are recognizable by the distance 
between the terminal methyl and the last double bond 
as in Fig. 6. 

These families, which include all the presently known 
fatty acids commonly found in mammalian tissues, are 
not interconvertible, nor are the paths of formation of 
the higher members reversible, probably because of the 
hydrogenation steps. 

It is interesting that in fish, in which the polyunsatu- 
rated acids generally make up a considerably larger per- 
centage of the total, the 18-, 20-, and 22-carbon acids 
appear to be members of the same four families (16, 17). 
The 16-carbon acids, however, are quite different, and 
are either derived from the diet or formed in reactions 
unknown at present. 

The enzyme systems responsible for the formation 
and interconversions of the polyunsaturated fatty acids 
have not been isolated and, indeed, their isolation may 
be a formidable task. Not only are the substrates and 
products easily destroyed under the conditions necessary 
for carrying out the reactions, but the actual types of 
enzymes sought are not clear. At present, it seems logical 
that three enzyme systems are operative—a_polyde- 
hydrogenase which dehydrogenates mono- or polyenoic 
acids in positions in the 1:4 relationship from the existing 
double bonds toward the carboxy group; an acyl trans- 


CH;—CH.—CH=CH linolenic family 
CH;(CH2)4,—CH=CH——linoleic family 
CH;—(CH2);—-CH=CH palmitoleic family 


CH;—(CHs);—CH=CH 
FIG. 6 


oleic family 
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\,  palmitoleic 
CH;—(CH2); -CH=CH—(CH2),—COOH 


vaccenic 


8,11 octadecadienoic 
142.—CH=CH—(CH2);—-COOH 


8, 11— octadecatrienoic 








, 10, 13—eicosatrienoic 


ferase, which adds 2 carbons when chain-lengthening is 
necessary; and a system which disposes of unsaturated 
acids with double bonds af or By to the carboxy group. 
The latter two enzyme systems have probably already 
been described. All three may have to be present before 
typical in vivo products can be produced in vitro. 

A further intriguing property of these enzymes relates 
to the temperature coefficient of their action. It has been 
known for many years that the polyunsaturated acids 
increase more rapidly in tissues kept at lower tempera- 
tures. This has recently been put on a clearer basis by 
the work of Kayama and Reiser (unpublished) in 
fish maintained at 10° or 25°. It seems unlikely that the 
reactions in question are more rapid at lower tempera- 
tures, so some other explanation must be advanced, 
such as greater inhibition of competing reactions at the 
lower temperature, or a lower rate of denaturation of 
the dehydrogenase. 

In closing, I should like to say a few words concerning 
the function of the polyunsaturated acids in the mam- 
malian body. Probably their physiological properties 
are largely dependent on their shape and consequent 
physical properties. Their low melting points and the 
attractive properties of their unsaturated centers permit 
them to act in the transport of many molecules, such as 
the cholesterol esters, in the essentially aqueous media 
of the body. Their shapes must also be responsible for 
their importance in the phospholipids of cellular mem- 
branes, and this property and, possibly, the lability of 
their allylic hydrogens, may be important in their func- 
tion in the terminal oxidation enzymes. A logical question 
stemming from this discussion concerns the reasons for 
the importance of the linoleic family as essential fatty 
acids as compared with the other very similar polyun- 
saturated acids. 

Here, again, the answer may be found in the shape of 
the principle end product of the family—in this case, 
arachidonic acid. It is possible that the important 
structural functions of arachidonic acid can be carried 
out only by an eicosatetraenoic acid, and that the prin- 
ciple end products of the other families simply do not 
quite fit the requirements. 

As is always the case in research, I am afraid that as 
the metabolism of the polyunsaturated acids has be- 
come clearer, more questions previously unforeseen, have 
arisen. I presume that these, too, will yield to the efforts 
of the researcher within the next few years. 
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MECHANISM OF ACTION OF COENZYMES 





Structure and function of cobamide coenzymes 


H. A. BARKER 
Department of Biochemistry, University of California, Berkeley, California 


Wane “MECHANISM OF ACTION OF COENZYMES”’ is the 
topic of this Symposium, relatively little information is 
available concerning the mechanism of the cobamide or 
By. coenzymes. They were first recognized less than 3 


years ago. Consequently, most of the investigations of 


these compounds have been devoted to more elementary 
problems, such as the development of methods of assay 
and isolation, determination of properties and structure, 
exploration of natural occurrence, and participation in 
additional enzymatic reactions. The few enzymatic 
systems in which the coenzymes function have not been 
purified to a high degree. As a result, it has generally not 
been possible to approach the problem of the mechanism 
of cobamide coenzyme action under ideal conditions, 
likely to yield clear-cut and readily interpretable data. 
Nevertheless, some pertinent information has been 
obtained and some ideas have been advanced which I 
shall attempt to summarize and discuss. However, most 
of my talk will be devoted to a summary of the present 
knowledge of B,. coenzymes, with special emphasis on 
recent investigations concerning their structure and 
functions. 

Coenzymes of the By, group were first recognized dur- 
ing studies on the fermentation of glutamate by Clostri- 
dium tetanomorphum (3, 40). The initial enzymatic reaction 


COO- COO 
. + NH,* 
+H; NCH *H; NCH = = 
CH,CH;COO- CH;—CH—COO- 
L-glutamate L-threo-B-methylaspartate 
-OOC—CH 
CH;—C—COO- 


mesaconate 


in this process is the conversion of L-glutamate to L-threo- 
8-methylaspartate, which I shall refer to as the gluta- 
mate isomerase reaction. This reaction is followed by a 
deamination of $-methylaspartate to mesaconate (4). 
The glutamate isomerase reaction was found to be 
dependent upon a heat-stable, light-sensitive cofactor, 
which could be removed from the enzyme system by 





adsorption on charcoal. This cofactor was eventually 


isolated and found to be a bright reddish-orange com- 
pound, which was identified as 2 coenzyme form of pseu- 
dovitamin By (3, 5, 41). Subsequently the analogous 
coenzyme form of vitamin By was isolated in larger 
amounts as a crystalline compound from propionic acid 
bacteria (6, 26). 

Small amounts of six other coenzyme By analogues, 
containing variously substituted benzimidazoles or pur- 
ines, in place of 5,6-dimethylbenzimidazole, have been 
isolated from Propionibacterium arabinosum, grown in the 
presence of the appropriate heterocyclic base (30, 37). 
And, finally, three corrinoid compounds that may be re- 
garded as “incomplete coenzymes”’ have been either iso- 
lated from bacteria (Toohey, Smyth and Barker, un- 
published results) or prepared by degradation of ‘‘com- 
plete’? coenzymes (41). These compounds appear to be 
structurally similar to the complete coenzymes (Fig. 3), 
except that they lack the nucleotide base or the base and 
additional components of the nucleotide side chain. All 
of these ‘“‘complete”’ and ‘‘incomplete’’ ccenzymes have 
been tested for activity in the glutamate isomerase sys- 
tem. All of the complete coenzyme analogues are active. 
At saturating coenzyme concentrations, they all show 
approximately the same activity, although they differ 
markedly in affinity for the enzyme system. The incom- 
plete coenzymes, which lack one or more of the com- 
ponents of the nucleotide, are entirely inactive. These 
results demonstrate that a complete nucleotide side chain 
is essential for coenzyme activity, but indicate that the 
nucleotide base is probably not the specific catalytic 
site. 

Occurrence of the cobamide coenzymes and vitamins 
in bacteria and animal tissues has been investigated to a 
limited extent. Ali of the observations made so far in- 
dicate that the cobamide coenzymes are the predominant 
“natural forms’’ of the B;2 group of compounds, at least 
in those organisms that contain relatively high levels of 
cobamides. The studies of Volcani et al. (38) and Perl- 
man et al. (30) on bacteria have shown that a high per- 
centage of the total vitamin By» activity, frequently 80% 
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FIG. 1. Absorption spectra of coenzyme By and vitamin By 
(cyanocobalamin) in neutral solution. Coenzyme By, 2.69 X 107* 
M; vitamin By, 2.48 X 1075 M. 

Fic. 2. Absorption spectra of various cobamide coenzyme 


or more, is in the coenzyme form. The vitamin forms, 
present in small amounts in some organisms, are usually 
the aquocobamides and cobinamide, which is vitamin 
By. without its nucleotide side chain. The cyanoco- 
bamides, such as cyanocobalamin, apparently do not 
occur in nature in appreciable amounts. They were un- 
doubtedly formed by the chemical degradation of the 
cobamide coenzymes. 

Incidence of coenzyme By: in the livers of several 
animals, including man, has been shown by Toohey 
and Barker (36), and has been confirmed for sheep 
liver by H. R. Marston and R. M. Smith (private com- 
munication) in Australia. The quantitative data show 
that about 50% of the vitamin By» activity in alcohol 
extracts of liver can be isolated as coenzyme Bye. Since 
the isolation procedure is complicated, and the co- 
enzyme is somewhat unstable, the true percentage of 
coenzyme may be considerably higher. 

Properties of coenzymes By. and its analogues are 
similar to those of vitamin B,., but they differ sharply in 
some respects, so that the coenzyme and vitamin forms 
can be readily distinguished from each other. Absorption 
spectra of cyanocobalamin and coenzyme By in neutral 
solution are compared in Fig. 1. The spectra differ 
markedly with respect to the positions of the ultraviolet 
and visible absorbancy peaks. In general, the prominent 
peaks of the coenzyme are at shorter wave lengths than 
the corresponding peaks of the vitamin. The same sort 
of spectral difference between the coenzymes and vita- 
mins is found with all of the cobamide analogues. 

Various coenzyme analogues have generally similar 
absorption spectra; however, the benzimidazole-con- 
taining analogues can be readily distinguished from the 
purine-containing analogues by the position of the 
Visible absorbancy maximum. This is shown in Fig 2 
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analogues in neutral solution (37). The analogues differ only with 
respect to the identity of the heterocyclic base in the nucleotide 
side chain. 


(37). The spectra of the six benzimidazole-containing 
analogues, labeled 1 to 6, have maxima at about 520 
my whereas the spectra of the two purine-containing 
analogues, labeled 7 and 8, have maxima at about 460 
mu. This difference is especially significant, because it 
can be correlated with the well known preference of 
animals and certain microorganisms for the benzimid- 
azole-containing cobamides. An investigation of the 
structural basis of the spectral differences between the 
purine- and benzimidazole-containing coenzymes has 
led to the conclusion that it is attributable to a much 
weaker binding of the purines to the cobalt atom (24). 
In fact, since the spectra of the purine-containing 
analogues are not appreciably altered by complete 
removal of the purine, the latter appears not to be 
effectively bound to the cobalt atom. The absence of a 
substantial bond between the purine and cobalt should 
permit the nucleotide side chain to move about freely, 
within the restrictions of its primary structure, and, thus, 
greatly modify the shape of the molecule. This, in turn, 
may account for the inability of animal systems to utilize 
the purine-containing vitamins and coenzymes. 

Cobamide coenzymes, as a group, differ chemically 
from the vitamins by having an extra adenine and sugar 
moiety, probably present in the form of a nucleoside 
(21, 23, 41). The adenine and sugar are readily removed 
from the coenzyme by exposure to light or by treatment 
with alkaline cyanide. Photolysis of coenzyme Byj2 in the 
presence of oxygen gives an adenine nucleoside and 
aquocobalamin, whereas treatment with cyanide ion 
yields adenine, cyanocobalamin, and probably the 
cyanohydrin of the sugar, although this product has not 
yet been characterized. These reactions have been useful 
in establishing the structural relation between the co- 
enzymes and vitamins. f 
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FIG. 3. Schematic structure of coenzyme By. The complete 
structure of the adenine nucleoside and its mode of attachment 
to the corrinoid ring system are not known. 


The complete structure of coenzyme Bj, is not yet 
known. However, Fig. 3 shows a partly schematic and 
hypothetical structure, which embodies some of the 
information now available. The figure represents co- 
enzyme By. as a derivative of vitamin Bj», in which the 
coordination position sometimes occupied by the cyanide 
ion is occupied by an adenine nucleoside, and in which 
the cobalt is in the divalent form. The adenine nucleo- 
side is shown to be attached to the cobalt atom, because 
a bonding of adenine to cobalt is known to occur in other 
cobamides, and because the displacement of adenine by 
CN- and of the nucleoside by light provides some 
support for this interpretation. However, the identity 
of the atom or moiety bonded to the cobalt atom is not 
yet established.! 

The identity of the extra sugar in coenzyme Bj, has 
been under investigation for some time, first by Wiess- 
bach et al. (41), who demonstrated that it is not ribose 
or any one of the common sugars; then by Ladd et al. 
(23), who determined a number.of its properties; and 
most recently by Hogenkamp and Barker (20), who ob- 
tained substantial evidence concerning its structure. 
Determination of the structure has progressed slowly, 


partly because we were inexperienced in this type of 


1G. Lenhert and D. Hodgkin have obtained evidence by X-ray 
diffraction methods that the adenine nucleoside moiety present in 
coenzyme Bj, has the structure of adenosine except that it lacks 
the 5’ hydroxyl group. The 5’ carbon of the sugar appears to be 
attached directly to cobalt. These results were reported at the 
Second European Symposium on Vitamin B,,; and Intrinsic Factor 
held in Hamburg, Germany, August 2-5, 1961. They will be 
published in the proceedings of the Symposium and separately 
in Nature. 
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investigation, and partly because of the relatively smail 
amounts of material available. 

The sugar has generally been released by mild acid 
hydrolysis (0.1 N, 100°, 90 min) of coenzyme By», and 
then separated from other products by means of ion 
exchange resins. The sugar can be obtained free from 
ribose, which is also present in the coenzyme, because 
the ribosebenzimidazole bond is very stable to acid 
hydrolysis. The structure of the sugar has so far been 
investigated only by analytical and degradative pro- 
cedures. The results indicate the sugar has the structure 
shown. on the left in Fig. 4. It is actually a five-carbon 
aldehyde containing two hydroxyl groups and a terminal 
double bond which can be called p-erythro-2 ,3-dihy- 
droxy-A4-pentenal (20). The terminal position of the 
double bond is established by the formation of formal- 
dehyde in good yield by ozonolysis of the sugar. 

The remaining dialdehyde can be reduced with 
sodium borohydride to a polyalcohol, which has been 
identified as erythritol. The configuration of the hydroxyl 
groups has been determined by converting the top four 
carbon atoms of the sugar to erythrose, as shown in Fig. 
5. The aldehyde group of the sugar was first reduced 
with sodium borohydride and then the double bond was 
cleaved by ozonolysis. The resulting tetrose was identi- 
fied by paper chromatography as erythrose. It was shown 
to have a positive optical rotation and therefore must 
be L-erythrose. Consequently, the original sugar, which 
has the aldehyde group on the opposite end, must have 
the pb-erythro configuration. Further evidence for the 
proposed structure was obtained by the action of osmium 
tetroxide on the original sugar. This reagent hydroxylates 
the two carbons joined by the double bond with the 
formation of approximately equal amounts or ribose 
and lyxose, which were identified chromatographically. 
These and other lines of evidence support the proposed 
structure, which, however, should be regarded as tenta- 
tive until confirmed by synthesis. It must also be em- 
phasized that this compound is a product of mild acid 
hydrolysis of the coenzyme. It is possible, and even 
probable, that the original sugar in the coenzyme has 
been somewhat modified by the hydrolytic procedure. 
This possibility requires further investigation. 

The problem of the valence of the cobalt in the co- 
bamide coenzymes deserves some consideration, par- 
ticularly in view of the fact that Eggerer et al. (14, 15) 
have postulated that the coenzy:ne cobalt functions as a 
reversible redox system. In vitamin By2, the cobalt is 
known to exist in the trivalent state. This has been es- 
tablished by magnetic susceptibility measurements (39) 
and by X-ray spectroscopy (10). Reduction of vitamin 
B,2 to vitamin By2,, which contains divalent cobalt, 
can be effected only with powerful reducing agents, 
such as chromous salts or hydrogen and_ palladium 
(7, 13); the reduced form of the vitamin is relatively ur 
stable and is rapidly reoxidized by oxygen to the trivalent 
state. In the By2 coenzymes, on the contrary, the stable 
form of the cobalt is almost certainly divalent. This was 
initially indicated by the striking differences in the spec- 
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FIG. 4. Conversion of the sugar to formaldehyde and erythritol 
by ozonolysis followed by reduction with borohydride (20). 
FIG. 5. Conversion of the sugar to formaldehyde and L-erythrose 
by borohydride reduction followed by ozonolysis (20). 
FIG. 6. Reactions requiring cobamide coenzymes. 


tra of the By. vitamins and coenzymes and, more speci- 
fically, by the fact that the coenzymes, like the cyano- 
cobamide vitamins, have a net zero charge in neutral 
solution, even though they lack the negatively charged 
cyanide group (41). 

Further evidence for divalent cobalt in the coenzymes 
was recently obtained by Brady and Barker (11). They 
studied the influence of oxygen on the nature of the 
products formed by photolysis of coenzyme Bj» in an 
extension of an earlier study by Pawelkiewicz et al. (29). 
In the presence of oxygen, the coenzyme is converted to 
aquocobalamin which contains trivalent cobalt. In the 
absence of oxygen, the coenzyme is quantitatively con- 
verted by light to vitamin By2,, which is readily identi- 
fied by its spectrum, which has a prominent absorbancy 
peak at 475 my. This compound is stable in the absence 
of oxygen, but is immediately oxidized to aquocobalamin 
on exposure to air. The latter compound can be recog- 
nized by its high absorbancy peak at 350 mu. The 
quantitative formation of the reduced vitamin in anaero- 
bic photolysis suggests that the coenzyme itself contains 
divalent cobalt. This evidence is not conclusive, because 
the possibility that the cobalt is reduced during photol- 
ysis cannot be excluded. 

More conclusive evidence that the cobalt in the co- 
enzyme is divalent was recently reported by Bernhauer 
et al. (8, g) and by Nowicki and Pawelkiewicz (28). 
These investigators found that in solution coenzyme By» 
and a structurally related compound, probably an in- 
complete cobamide coenzyme, are paramagnetic, the 
observed magnetic moment (1.3 to 1.63 Bohr magnetons) 
being approximately that expected for an octahedral 
cobaltous complex containing one unpaired electron. 
Under similar conditions, cyanocobalamin is diamag- 
netic. These results, and the other types of evidence I 
have mentioned, support the conclusion that the stable 
form of cobalt in coenzyme By, is divalent. So far as I am 
aware, there is no evidence that the valency of the cobalt 
can be changed without destroying the activity of the 
coenzyme, although the possibility that this can occur 
under some conditions is obviously not excluded. 

Let us now consider the functions of the cobamide co- 
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enzymes. The coenzymes are known to be required for 
three enzymatic reactions, all of which occur in some 
microorganisms, and one of which occurs in animals. 
These reactions are shown in Fig. 6. 

The first is the glutamate isomerase reaction, which 
so far has been observed only in C. tetanomorphum. This 
reactior involves a reversible transfer of a two-carbon 
“glycine” moiety between carbon atoms 3 and 4 of 
glutamate (27). Since the lower three carbon atoms of 
glutamate and the associated atoms constitute a sub- 
stituted propionate molecule, the reaction can be re- 
garded as a transfer of a “glycine”? moiety between the 
a and 6 carbon atoms of a propionate molecule, with a 
simultaneous transfer of hydrogen in the opposite 
direction. The reaction is apparently complex, since it is 
catalyzed by two separable protein fractions, neither of 
which is active by itself (lodice, Weissbach, Smyth, and 
Barker, unpublished results). So far no intermediates 
have been detected, either as a result of direct accumula- 
tion, or by exchange reactions with isotope-labeled sub- 
strates. By the latter technique, the more obvious pos- 
sible intermediates, such as free glycine, propionate, 
acrylate and a-ketoglutarate, have been excluded. For 
technical reasons, it has not yet been possible to deter- 
mine whether the nitrogen of the amino group remains 
attached to the carbon during the isomerization reaction. 

The second is the succinyl-methylmalony! isomerase 
reaction, which occurs both in animals and bacteria 
(16, 18, 32-34). As is well known, this reaction is in- 
volved in the metabolism of propionate and it appears 
to be of special importance in ruminants which use 
propionate as a major energy source. Eggerer et. al. 
(14, 15) have shown by tracer experiments that in this 
reaction the thioester carboxyl group moves between the 
a and 6 carbons of the propionate portion of the mole- 
cule. Consequently, this reaction is completely analogous 
to the glutamate isomerase reaction. 

Bacterial and animal methylmalonyl isomerase sys- 
tems differ with respect to their coenzyme specificities 
and, also, with respect to the strength of binding of the 
prosthetic group to the enzymes. The isomerase derived 
from Propionibacterium shermani holds the coenzyme 
rather loosely, as Stadtman et al. (32) have shown. The 
coenzyme can be effectively removed by treating the 
enzyme preparations with charcoal. The resolved en- 
zyme system can be reactivated with either the adenine-, 
benzimidazole- or 5,6-dimethylbenzimidazole-contain- 
ing coenzyme analogue. The K,, values for the various 
analogues differ by only a factor of 10. Coenzyme By» 
has the lowest K,, value of 2.4 X 1078 M; tuis is about 
1,000 times smaller than the K,, of this coenzyme in the 
glutamate isomerase system. The methylmalony] iso- 
merase system derived from sheep kidney binds its 
prosthetic group very strongly, as Lengyel et al. (25) 
have shown. In this sytem the prosthetic group cannot 
be removed by charcoal treatment, but only by treating 
the enzyme with acid ammonium sulfate..‘The resolved 
enzyme system is reactivated by coenzyme Bj, and its 
benzimidazole-containing analogue but not by the 








960 FEDERATION PROCEEDINGS 


adenine-containing analogue. The K,, of coenzyme By». 
with the resolved enzyme is about the same, 2.1 X 
10° M, as that for the bacterial isomerase. 

These results indicate that the coenzyme in the animal 
isomerase system is bound much more strongly before 
than after resolution with acid ammonium sulfate. A 
special type of binding of the prosthetic group to the 
native enzyme is further suggested by the observation 
that the enzyme cannot be inactivated by exposure to 
light under conditions that rapidly inactivate solutions 
of the By. coenzymes. In this connection it should be 
noted that the stability of coenzyme B,,2 toward light is 
greatly influenced by its physical state. In aqueous solu- 
tion the coenzyme is inactivated by light about goo times 
more rapidly than in the crystalline state (Hogenkamp 
and Barker, unpublished results). Consequently, it is 
not surprising that protein-bound coenzyme is some- 
times more stable toward light and certain other reagents 
than is the free coenzyme. 

One of the most significant developments during the 
past year was the discovery by Abeles and Lee (1, 2) of 
the third B,: coenzyme-dependent reaction shown in 
Fig. 6. This reaction, which is catalyzed by extracts 
of Aerobacter aerogenes, is quite different from the two 
isomerase reactions. It is an intramolecular oxidation- 
reduction accompanied by a removal of the elements of 
water. The substrate is a glycol, which is converted to 
the corresponding 2-deoxyaldehyde. The third reaction 
in Fig. 6 shows the conversion of 1 ,2-propanediol, the 
best substrate, to propionaldehyde. The enzyme system 
can also convert ethyleneglycol to acetaldehyde. Both 
of these reactions obviously involve the transfer of a 
hydrogen atom from carbon 1 to carbon 2. Brownstein 
and Abeles (12) have investigated the mechanism of 
the hydrogen transfer by carrying out the reaction in 
the presence of D.O and determining the deuterium 
content of the product, isolated as the crystalline hydro- 
zone. They found no significant incorporation of deu- 
terium into the aldehyde which could be attributed to 
the enzymatic reaction. This result excludes reaction 
mechanisms involving the intermediate formation of a 
free proton. It supports the view that the hydrogen is 
moved as a hydride ion or a hydrogen atom, although 
Brownstein and Abeles recognized the possibility that 
the hydrogen could be moved as a proton, provided the 
active site on the enzyme or coenzyme were so consti- 
tuted as to exclude exchange with the solvent during the 
transfer. 

In my laboratory, Dr. Iodice (unpublished data) has 
done similar experiments with the glutamate isomerase 
reaction. In this reaction, also, one hydrogen must be 
transferred dur‘ng the conversion of the methylene group 
of glutamate to the methyl group of $-methylaspartate 
or mesaconate, which should be equivalent. For technical 
reasons, mesaconate, rather than ($-methylaspartate, 
has been isolated and examined for isotope incorporation 
following the enzymatic isomerization of glutamate in 
the presence of labeled water. These experiments were 
done initially with tritium oxide in the solvent, and the 
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results showed an extremely small incorporation of 
tritium, equivalent to less than 0.01 of an atom of tritium 
per mole of mesaconate. However, in view of the well 
known isotope selection against tritium’ in some re- 
actions, Dr. lodice repeated the experiments using 100% 
D.O as the solvent. Under these circumstances the 
mesaconate formed from glutamate contained only 
about 0.10 atom of deuterium per mole of mesaconate 
This small incorporation of deuterium is probably 
the result of a side reaction, the reversible oxidation of 
glutamate to a-ketoglutarate, which by an enolic re- 
arrangement slowly takes up deuterium from the sol- 
vent. Various control experiments have eliminated the 
possibility that a significant amount of deuterium can 
have been lost during the isolation and purification of 
the mesaconate. We must conclude that a free proton is 
not an intermediate in either the glutamate isomerase 
reaction or the glycol-deoxyaldehyde reaction. 

The results of these deuterium exchange experi- 
ments appear to be inconsistent with the free radical 
mechanism of cobamide coenzyme action proposed by 
Eggerer et al. (14, 15) for the methylmalony] and glu- 
tamate isomerase reactions. Their hypothesis assumes 
the formation of a free radical by removal of a hydrogen 
atom from the substrate; the hydrogen atom reacts with 
trivalent cobalt of the coenzyme to form a proton and 
divalent cobalt. Following a rearrangement of the free 
radical, the proton is reduced by the divalent cobalt to 
a hydrogen atom, which then returns to the substrate 
molecule to complete the isomerization. This hypothesis 
involves the formation of a proton as an intermediate 
and necessitates the incorporation of at least one atom 
of hydrogen or deuterium from the solvent. Although 
the possible incorporation of solvent deuterium into the 
products of the methylmalonyl isomerase reaction has 
not yet been investigated, it now seems unlikely that 
this will occur as an enzymatic process. 

The limited information so far available suggests that 
the Bj. coenzymes function by catalyzing the transfer 
of hydrogen, possibly in the form of a hydride ion, be- 
tween adjacent carbon atoms of the substrate, but other 
explanations cannot be excluded. The active site on the 
coenzyme is not yet established. The cobalt atom has 
been suggested as a possible reaction site, but it must be 
noted that the cobalt atom appears to be so deeply im- 
bedded in the coenzyme structure that direct contact of 
the substrate with the cobalt is unlikely. Furthermore, a 
direct reaction of cobalt with a hydrogen atom or 
hydride ion would probably result in the formation of a 
proton, which is inconsistent with the results of the deu- 
terium exchange experiments. It is more likely that 
contact between the coenzyme and the substrate involves 
some peripheral part of the coenzyme molecule. Smith 
(g1a) suggested a few years ago that one of the amide 
groups may be the site of catalytic activity. 

However, since a hydrogen transfer function of the 
coenzyme is now indicated, it seems more probable that 
some peripheral part of the coenzyme more Closely 
associated with the conjugated double bond system may 
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be involved. Further speculation concerning the active 
site of the coenzyme does not seem useful until the 
structure of the coenzyme has been determined in more 
detail. 

Finally, may I point out that the B;2. coenzymes which 
I have considered are only one of several types of 
catalytically active corrinoid compounds presently 
emerging. Dr. Rabinowitz has discovered (31), and will 
soon discuss, the extraordinary coenzymatic activity of 
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cobinamide and other corrinoid compounds formerly 
regarded as incomplete By, vitamins. Investigations of 
the biosynthesis of methionine (17, 19, 22, 31, 35) have 
established the existence of protein-bound corrinoid 
compounds that may turn out to be structurally some- 
what different from the known corrinoid vitamins and 
coenzymes. It seems probable that soon there will be a 
family of corrinoid coenzymes comparable to that of the 
folic acid series. 
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Role of vitamin B,, derivatives 


in reactions of pyruvate 


JESSE C. RABINOWITZ AND ESTHER H. ALLEN! 


Department of Biochemistry, University of California, Berkeley, California 


i= THE PAST FEW YEARS we have been investigating 
the fermentation of purines by two closely related clostri- 
dia, which were originally studied by Barker and Beck 
(2). Extracts of both organisms degrade xanthine and 
several other purines to CO, ammonia, and formimino- 
glycine (Fig. 1). Formiminoglycine is converted to 
glycine and 10-formyl-THF? by extracts of both or- 
ganisms, when supplemented with THF (Fig. 2), in a 
series of five enzymic reactions (10). The subsequent 
metabolism of these products differs in the two organisms, 
and yields the products characteristic of each fermenta- 
tion. 10-Formyl-THF may be acted on by the enzyme 
THF formylase in the presence of ADP and inorganic 
orthophosphate to yield formic acid and ATP, and 
regenerate the tetrahydrofolic acid. The products, formic 
acid and glycine, are characteristic of the fermentation 
of purines by C. cylindrosporum (12). However, in Clostri- 
dium acidi-urici, relatively small amounts of formate ac- 
cumulate, and no glycine is detectible. Instead, acetate 
and COs» appear as end products (2). 

The formation of these compounds is most readily 
explained by the alternate series of reactions shown in 
Fig. 2, in which glycine and 10-formyl-THF are con- 
verted to serine by serine aldolase. Serine is then acted 
on by serine deaminase to form pyruvate, which is 
finally oxidized by a pyruvic oxidase to acetate and COs». 
Indirect evidence exists for the occurrence in these 
organisms of all the enzymes required for these trans- 
formations (3, 5, 14, 15), and the results of fermentation 
experiments using formiminoglycine-C™ are consistent 
with the postulated mechanism (13). We became in- 
terested in the final reaction of this sequence—the oxida- 
tion of pyruvic acid to acetate and CO,—-since bacterial 
enzymes of this type have generally not been obtained 
in highly purified form, and since this reaction appears 
to be the main energy-yielding reaction in the fermen- 
tation of purines by C. acidi-urict. 


1 Postdoctoral Research Fellow, Division of General Medical 
Sciences, Public Health Service. 

* The abbreviations used are: THF, tetrahydrofolic acid (the 
various one-carbon derivatives of this compound are indicated by 
the prefix and the number refers to the position of substitution on 
the pteridine ring); EDTA, ethylenediaminetetraacetic acid; 
MET, 2-mercaptoethanol. 
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An assay was used in which the exchange of C™O, 
into pyruvic acid was determined. The assay system is 
shown in Table 1. Activity is expressed in terms of 
counts per min per mg of 2, 4-dinitrophenylhydrazone 
isolated. It was shown that the C“Oz was incorporated 
exclusively into the carboxyl group of the pyruvic acid 
(11). The results obtained using this assay system are 
shown in Fig. 3, and demonstrate that with relatively 
low concentrations of bacterial extracts, the radioactivity 
incorporated in the phenylhydrazone, is proportional 
to the amount of enzyme added. The relative extent of 
exchange was determined (Fig. 4), and it was found 
that with 0.3 mg of protein, roughly 20% exchange was 
observed in a 30-min period. Although greater amounts 
of exchange were obtained after longer incubation 
periods, the reaction is no longer linear. The enzyme has 
been partially purified by conventional techniques using 
this assay, and a preparation purified approximately 
tenfold over the starting material has been obtained. 
This partially purified preparation, in contrast to the 
initial extracts, is very stable and it has been used for all 
the studies which will be reported. 

The specificity of the reaction with respect to the 
various a-keto acids is shown in Table 2. The exchange 
was entirely specific for pyruvic acid. The system showed 
relatively low exchange when formic acid was substi- 
tuted for CO». The exchange with acetate-C" was 
barely detectible, and acetyl-coenzyme A also failed to 
exchange to any significant extent. The nature of the 
two-carbon fragment formed from pyruvate is still not 
known. 

When the bacterial extracts are treated with Dowex-! 
chloride, the exchange reaction is dependent on the 
addition of several cofactors shown in Table 3. The co- 
factors required are cobinamide or some other vitamin 
B12 derivative; coenzyme A; and a sulfhydryl compound, 
such as 2-mercaptoethanol. The activity obtained with 
these three cofactors in the presence of a phosphate 
buffer, pyruvate, and bicarbonate, was somewhat 
better than that obtained using a boiled extract of the 
organism as a source of cofactors. Other cofactors 
tested, including thiamine pyrophosphate, lipoic acid, 
DPN, TPN, FAD, and ATP, had no effect on the re- 
action, nor was the reaction inhibited by EDTA. Avidin, 
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FIG. 1. Intermediates in the degradation of unsupplemented 
extracts of Clostridium cylindrosporum and Clostridium acidi-urict. 


in concentrations approximately 10 times higher than 
those used to inhibit other avidin-sensitive enzyme sys- 
tems, had no effect on the exchange reaction. This CO >»- 
pyruvate exchange reaction, therefore, differs from the 
avidin-sensitive reaction of C. kluyvert recently reported 
by Shuster and Lynen (17). 

The dependence of the exchange reaction on the 
concentration of 2-mercaptoethanol is shown in Fig. 5 
Relatively large amounts are required, and 200 iil 
of 2-mercaptoethanol are included per ml of reaction 
mixture in the routine assay. Mercaptoethylamine, 
mercaptoacetic acid, and cysteine are as effective as 
mercaptoethanol. However, sodium sulfide, ethylmer- 
captan, and sodium ascorbate are completely inactive 
in satisfying this requirement. 

The specificity of the corrin requirement was deter- 
mined. I should like to review the nomenclature and 
structures of this series of compounds (19). The structure 
of the cobamide coenzyme discovered by Barker and 
his co-workers (1) is shown in Fig. 6. The removal of the 
purine-sugar moiety yields vitamin B » or the cobamides. 
A series of cobamides have been obtained, which differ 
from one another either in the nature of the inorganic 
ligands, which satisfy the sixth coordinate valence of 
cobalt, and members of the series may contain cyano- 
or aquo- groups; or in the nature of the base of the 
nucleotide moiety. The dimethylbenzimidazole shown 
here may be replaced by adenine. Derivatives of the 


TABLE 1. Assay for CO>»-Pyruvate Exchange Reaction 
Mmoles/ml 
Phosphate buffer, pH 7 225 
Na pyruvate 50 
Na bicarbonate-C (176,000 cpm) 10 
Cofactors 
Enzyme 


Incubated at 37° for 30 min. The reaction was stopped by 
the addition of 0.1 ml of 20% perchloric acid per ml. The pro- 
tein was removed and 2,4-dinitrophenylhydrazine was added. 
The 2,4-dinitrophenylhydrazone was purified, plated by filtra- 
tion, and its radioactivity was determined. 
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FIG. 2. Metabolism of formiminoglycine by Clostridium cylindro- 
Sporum and Clostridium acidi-urict. 


cobamides have been prepared by substituting methyl- 
amine or aniline for one of the amide groups on the 
propicny! sidechain (18). These compounds show rela- 
tively high antivitamin activity. Further degradation 
of the molecule by removal of the nucleotide portion 
leads to a series of compounds, which are referred to as 
cobyrinic acid derivatives. The structure obtained on 
removal of the nucleotide from any form of vitamin By. 
is cobinamide or Factor B. Removal of the propanol- 
amine sidechain yields the cobyrinic acid hexamide or 
Factor V,, of Bernhauer and associates (4), and finally 
the so-called hexacarboxylic acid is obtained by alkaline 
hydrolysis of the vitamin and removal of all the amide 
groups from the sidechains and cyclization of propanol- 
amine moiety (19). 

The corrin derivatives listed in Table 4 are all active 
in stimulating the CO>»-pyruvate exchange reaction. The 
relative activities are indicated here by the amounts 
required for stimulation of the exchange activity to half- 
maximum amount and are expressed as K,, in moles 
per liter. The maximum reaction velocity observed with 
all of these compounds was approximately the same. The 
most active compounds tested were the most degraded 
forms of the coenzyme, that is the hexacarboxylic acid, 
the cobyrinic acid hexamide, and cobinamide. bie 
compounds had K,, values between 1 and 2 X 107° N 
and near maximal activity is obtained with as little as 
1.0 X 10~® wmoles/ml of these substances. The cobamide 
vitamins were the next most active series of compounds. 
The methylamide and anilide of cobalamine, which are 
active antagonists of bacterial growth, were quite active 
as coenzymes in the exchange reaction. The least active 
of the compounds tested were the cobamide coenzymes 
described by Barker. The activities of the compounds 
reported here were obtained using precautions to protect 
them from light inactivation. It is not altogether certain 
that the activity obtained with these compounds was, 
in fact, due to the coenzyme itself or to very small 
amounts of contaminating cobyrinic acid derivatives. 
The activity observed with the cobamide coenzymes 
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with 0.01 wmole of CoA and 2 X 107° ymoles of cobinamide added. 
FIG. 4. Per cent exchange in CO:-pyruvate exchange reaction. 


TABLE 2. Specificity of Exchange Reaction 


Relative 
a-Keto Acid Labeled Compound Exchange 
Pyruvate C#4O, 100 
a-Keto-butyrate CO, o 
a-Keto-valerate C¥#4O.2 oO 
a-Keto-isovalerate CO. oO 
a-Keto-glutarate CO, oO 
Oxaloacetate CHO, oO 
Pyruvate HC¥“OOH 3.0 
Pyruvate CH;—C"“OOH 0.5 
Pyruvate CH;—C¥O-SCoA 0.5 


The assay conditions used are described in Table 1, with 
0.03 mg of enzyme protein, and the a-keto acid and C'!-contain- 
ing compound indicated in place of pyruvate and bicarbonate- 
C'. The activity is expressed as cpm per mg of 2,4-dinitro- 
phenylhydrazine isolated. 


TABLE 3. Cofactor Requirements for Exchange Reaction 


Exchange Activity 


Assay System cmp/mg Hydrazone 


Complete 80.7 
Minus cobinamide 2.2 
Minus coenzyme A 2.1 
Minus 2-mercaptoethanol 0.54 
Minus cobinamide and CoA plus 

boiled extract 56.0 


could be explained if they were contaminated with only 
2,00oths of a per cent of cobyrinic acid derivatives. It is, 
therefore, possible that the cobamide coenzymes are 
completely inactive in the system. Finally, it was noted 
that the exchange system is stimulated by cobaltous 
chloride. Although the K,, of cobaltous chloride is only 
1 X 10M, approximately one million times more co- 
balt chloride is required for coenzyme activity than any 
one of the cobyrinic acid derivatives. This large difference 
reflects the extraordinary activity of the cobyrinic acid 
derivatives in this system. 

A number of other compounds which were tested for 





ar irae | 30; 
=m | T T T T Toe : = P 
[Fie 3] [ ries | - 1 T ] TS 
| sf i LFIG. 5 | -O- 
© 
20-5 E 20 | 
= me haw OG 5 7 
oO x< ;} Qa | 
ree uw 1s 40+ J 
- Me 1a 
E 3 oismMG | 8 | 
= | i | 
= | Oo i> 4 
10-9 — 10. SE 
Ww |= 
| je Sas J 
oO 
| e + 
iad tl ti MG a TIME IN MIN | MERCAPTOETHANOL, yz moles per mi 
i l i 1 is i | J O n ! n i Le 
O OO! 002 0.05 0.1 c¢) 10 20 30 40 50 60 0) 100 200 be 500 


FIG. 3. Assay for CO2-pyruvate exchange reaction. The activity 
is expressed as counts per minute per mg of 2,4-dinotrophenyl- 
hydrazone. The conditions of the assay are as described in Table 1, 














Assay conditions are those described in Table 1 with 0.15 or 0.30 
mg of enzyme protein, 0.01 umole of CoA and 2 X 1075 wmoles 
of cobinamide. 

Fic. 5. Sulfhydryl requirement for exchange reaction. 
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Fic. 6. Dimethylbenzimidazolylcobamide coenzyme. 













coenzyme activity are listed in Table 5. The cobaltous 
porphyrin complexes (6) tested had no coenzyme ac- 
tivity, nor did they inhibit the action of cobinamide. 
Various complexes of cobaltic ion were tested. Most of 
these contained organic ligands. None of the compounds 
tested showed any coenzyme activity, and a number of 
those tested indicated here were fairly active inhibitors of 
the exchange system when tested in the presence of 
cobinamide. The two other transition metals in group 8, 
which includes cobalt, were tested, and both showed 
some coenzyme activity. It, therefore, appears that the 
corrin requirement for the pyruvate-CO, exchange reac- 
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TABLE 4. Specificity of Corrin Requirement for 
CO o-Pyruvate Exchange 


Kn[M] 

Cobyrinic acid derivatives 

Hexacarboxylic acid* PG Oe 167° 

Cobyrinic acid hexamide (factor Vi,)T 2.2 % 107" 

Cobinamide (factor B)f 5 C16" 
Cobamides (vitamins) 

Adeninylcobamide (pseudo vitamin Bi) 3.x 107° 

Aquocobalamin Be kOe 

Cyanocobalamin (vitamin Bj2) 5 X 1077 

Methylamide of cobalamint 8 X 10% 

Anilide of cobalamint 8 X 10% 
Cobamide coenzymes§ 

Adeninyl- 2° 10>" 

Benzimidazolyl- 5. 107° 

5,6-Dimethylbenzimidazolyl- 410° 


Non-corrinotds 
CoCl. TX 167° 


* Kindly donated by V. M. Clark, University Chemical 
Laboratory, Cambridge, England. j Prepared by K. Bern- 


hauer. t Kindly donated by E. L. Smith, Glaxo Laboratories, 
Ltd., Greenford, England. § Kindly donated by H. A. 
Barker. 


TABLE 5. Specificity of Corrin Requirement (continued) 


Co!! porphyrin complexes 
Co-aetioporphyrin* 
Co-coproporphyrin I* 


No activity or inhibition 
No activity or inhibition 


Co!!! complexes 


Na{Co(versene) NO] T Inhibitory (K; = 2 X 107§ M) 


[Co glycines]t Inhibitory 
[Co dge (NH3)2]Cl-5H2Of Inhibitory 
K[Co dg (CN)e]3/2 H2Oft Inhibitory 
NH,[Co dg2 (NO2)sIt Inhibitory 
H[Co dg2 (NO2)]t Inhibitory 
[Co dg2 py2]NOst Inhibitory 


* Kindly provided by A. W. Johnson, University of Notting- 
+ Prepared according tc the method of 
t Kindly provided by N. Maki, Osaka 


ham, England. 
Schwarzenbach (16). 
University, Japan. 


tion is a fairly specific one, although there are still many 
types of compounds that have not been subjected to test 
in this system. For instance, although all of the highly 
active compounds contain cobaltic ion, it has not been 
possible to establish that this oxidation state of the com- 
plexed cobalt is essential for coenzyme activity. One in- 
teresting and complicating aspect of the cofactor require- 
ment is indicated in Fig. 7, which shows that stimulation 
by cobinamide only occurs in the presence of coenzyme 
A, as indicated in the left part of the graph; whereas 
stimulation of the exchange system by relatively large 
amounts of cobaltous chloride occurs in the absence of 
coenzyme A. Both reactions are dependent on mercapto- 
ethanol and enzyme. 

Since these observations concerning the corrin re- 
quirement were initially made using the relatively exotic 
purine-fermenting microorganism, we examined the 
CO.-pyruvate exchange reaction in a number of other 
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microorganisms, shown in Table 6, which have been ex- 
tensively used for studies on pyruvic acid metabolism. 
These include two organisms which have been widely 
used to study the phosphoroclastic reaction, Clostridium 
butyricum (8) and Werkman’s strain of Escherichia coli (7), 
and Crookes’ stain of E. coli, which has been used for the 
purification of the pyruvic acid oxidase (g). The relative 
exchange activities of these microorganisms are indi- 
cated as wmoles of CO, or formate exchanged with 
pyruvate in 30 min per mg of protein. The CO.-pyruvate 
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FIG. 7. CoA and corrinoid requirements for exchange reaction. 
Assay conditions are similar to those described in Table 1, with 
either cobinamide or CoCl, added at the concentration shown in 
the presence or absence of added CoA. 


TABLE 6. CO>.-Pyruvate and HCOOH-Pyruvate Exchange 
Activities* in Various Bacteria 








| 
Exchange System 








| | Relative 
Organism | — 

Pyruvate-| Pyruvate-| ‘00 

| co |e} oo 
rateaee 

pmoles/30 min 

/mg protein 

Clostridium acidi-urict 3.38 | 0.075 45-1 
Clostridium cylindrosporum | 1.26 | 0.0390 | 42.4 
Clostridium butyricum | 2.80 | 0.053 | 53-0 
Escherichia coli (Werkman strain) | 0.0035 | 0.034 | 0.10 
Escherichia coli (Crookes strain) | 0.012 | 0.023 | 0.50 


| 


* System contained 55 wumoles of pyruvate, 11 wmoles of 
NaHCO; or HCOONa, CoA, cobinamide, and variable amounts 
of carbonate-C" or formate-C™, 




















TABLE 7. Cofactor Requirements for Exchange Activity 
| Additions 
Rachange eee | as z 
Organism eaction: | | . 
Pyruvate- | ,. Re | CoA + Boiled 
| None | CoA | cobina- at os 
| | mide 
ean! | cpm/mg 

! hydrazone 
Clostridium acidi-urict COz | 0.97| 2.2 | 80.7 56.0 
Clostridium butyricum CO:z | 0.78) 0.76) 28.1 | 23.5 
Escherichia coli (Werkman) HCOOH} 0 .88) 1.35) 54-3 : 
Escherichia coli (Crookes) CO: | 1.2 | 1.2 | 10.1 6.9 














exchange is about 50 times more active than the formate- 
pyruvate exchange in the clostridia. Although the 
amount of formate exchange observed in the Escherichia 
coli strains is comparable to the activity observed in the 
clostridia, these bacteria are relatively inactive in 
catalyzing a CO:-pyruvate exchange. The dependence 
of the exchange reactions on various cofactors is shown 
in Table 7. Dowex-treated extracts of the organisms 
were used. Variable amounts of C' were used to com- 
pensate for the variation in exchange activity shown with 
the different organisms. The activities recorded here are 
not to be compared from one organism to the other. 
However, it is clear that the CO>- or formate-pyruvate 
exchange activity obtained with each of these organ- 
isms shown here is dependent on the addition of a boiled 
extract, and that the boiled extract requirement can be 
completely or partially replaced by the addition of coen- 
zyme A and cobinamide but not by CoA alone. 

These studies indicate the general nature of the role 
of the cobinamide and other vitamin By derivatives in 
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the pyruvate exchange reactions catalyzed by bacterial 
extracts. The nature of the requirement, and the mecha- 
nism by which the corrin derivatives participate in these 
reactions, remain to be determined. 


ADDENDUM 


J. Peel (J. Biol. Chem., in press) has recently shown that vita- 
min B,. and its derivatives catalyze the oxidation of mercapto- 
ethanol and other thiols at pH 7.0. The activity of the various 
vitamin B,. derivatives in catalyzing the chemical oxidation 
roughly parallels the activity of these compounds in the enzymic 
test reported here. It was further shown that the requirement for 
vitamin. B,. derivatives in the CO,-pyruvate exchange reaction 
under the conditions described in this communication can be 
completely overcome when the reaction is performed under anaer- 
obic conditions using extracts of the rumen bacterium LC, strain 
1. Similar results have now been obtained by us with extracts of 
Clostridium acidi-urict. It thus seems probable that the activity of 
the vitamin B,». derivatives in the reactions described here is due 
to their activity in removing oxygen through catalysis of the non- 
enzymic oxidation of added sulfhydryl derivatives. However, it is 
also possible that vitamin By. has a more direct effect on the oxida- 
tion of enzyme sulfhydryl groups. 
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Reaction mechanism of liver alcohol dehydrogenase 


HUGO THEORELL 
Department of Biochemistry, Nobel Medical Institute, Stockholm, Sweden 


Boe. SOME 12 YEARS, the liver alcohol dehydrogenase 
(LADH) has been the subject of my constant, if some- 
what intermittent, interest. This is because it offers some 
attractive properties, making it especially suitable for 
penetrating studies of its working mechanism. For exam- 
ple, it can rather easily be crystallized in a pure state (2); 
it is very stable; the combination of LADH with DPNH 
gives a shift of the maximum absorption from 340 to 
325 my (6); this shift is accompanied by considerable in- 
crease in fluorescence intensity (3); and the formation of 
ternary complexes with inhibitors is accompanied by 
further changes in fluorescence intensities and emission 
maximum (10). Also, as will be described here, its kinetic 
rate constants agree with equilibrium data, and the two 
binding sites per molecule operate entirely independent 
of one another, which simplifies the mathematical treat- 
ment of all data to a very considerable extent. 

I have recently, and, partially in collaboration with 
Dr. John McKinley McKee and also in part with Dr. 
Robert Plane, made a rather extensive study of the 
kinetics and equilibria in the LADH system, with and 
without inhibitors of different kinds. Some of the results 
will be commented upon here. 

The general mechanism may be schematically repre- 
sented as: 


ER EQ, 
y , s \ \ Wa \ 

E ERS: ieee. E (A) 
\ 4, N YA 
Nes’ Ses7 


where E = 14 LADH, R = DPNH, O = DPN, S = 
oxid. substrate (aldehyde) and S’ = red. substrate (al- 
cohol). 

This formula was found to be correct, since the exist- 
ence of all the binary and ternary complexes with sub- 
strates could be proved using substrate analogues work- 
ing as inhibitors; and the complexes ER and EO were 
known before, requiring only more accurate determina- 
tions of the dissociation constants, particularly for EO. 

However, the total reaction sequence contains not less 
than 18 different rate constants, and kinetic measure- 
ments of initial velocities cannot give more than a maxi- 
mum of 8. Therefore, simplifications had to be tried, 
assuming preference for some pathways, and the inter- 
conversion between the ternary complexes to be rapid 
enough not to be rate-limiting. 


In 1951, we (7) made a tentative assumption of a reac- 
tion sequence 





k 
E+R —— ERI (1) 
ke 
. ks 
ER +S === EO +8" (2) 
3 
ke’ 
1 


The steady state treatment leads to the equation: 


eS ae _! + _!I ae ke ) 
v ~ i’ * g(R] + &IS] + &IRI xX IS] (4 


The kinetic data of Theorell, Nygaard and Bonnich- 
sen (g) came out in rough agreement with the simplified 
mechanism; that is, the dissociation constants for ER and 
EO and the over-all equilibrium constant of the whole 
reaction sequence were roughly the same, when calcu- 
lated from the kinetic constants as the value obtained 
by direct equilibrium discriminations. However, some 
doubt persisted (10), so still more accurate determinations 
were desirable. These have now been made at pH 7 and 
pH 9g (8), with the following results: 

The kinetic determinations were made by fluoro- 
metric determinations of the initial reaction velocities 
with systematic variations of the concentrations of 
DPNH, aldehyde, DPN and alcohol, as described by 
Dalziel (4). The equilibrium values Kg,n and Kg,o were 
determined by spectrophotofluorometrical titrations of 
LADH with DPNH, without and with DPN present. 
The K equilibrium was determined by Backlin (1). The 
values of Kg,o were now found to be considerably higher 
than in earlier experiments depending on an earlier un- 
known, slight quenching effect of DPN on the fluores- 
cence of LADH-DPNH. This effect plays a role at neutral 
or acid reaction, where high concentrations of DPN have 
to be used for effective competition with DPNH, but is 
unimportant at alkaline reaction. This was the cause of 
the discrepancies earlier considered to obtain at the 
lower pH values. 

It may now be considered as established that the 
simplified reaction scheme (eg. :—3) and the steady state 
equation 4 describe the reaction sequence from a kinetical 
point of view, even if the true sequence is much more 
complicated (scheme A). 





This shows that: 

ERS — EOS’ is rapid enough not to interfere. 

EOS’— EO + S’ ismuch faster than EOS’ > ES’ + 
O. In both the forward and backward reaction, the differ- 
ence in dissociation constants is 30-fold in favor of this 
se “ nce. 

) The rate constants for E + R — ER must be 
= is +R — ESR, and somust E + O —-EO and ES’ + 
O — ESO. Itwas surprising and by no means self evident 
why this should be so. However, in studies of ternary 
complexes enzyme-coenzyme-inhibitors it was found 
both for fatty acids (caprate), amides (isobutyro-), and 
for imidazole that the changes in dissociation constants 
occurring through the addition of a third ligand to a 
binary complex are paralleled by changes in the disso- 
ciation velocity constants, but leaving the association 
velocity constants essentially unchanged. We have found 
no exception from this rule in the cases where changes of 
coulombic attraction forces are not involved. These ob- 
servations explain why a compulsory order of reaction, as 
in equations 1 and 3, can be assumed and found to be in 
agreement with experimental data, without this assump- 
tion being strictly valid. 


TABLE I 
From Kinetics From Equili bria 


pH 7 pH 9 | pH 7 pH o 
Ke,R uM 0.28 0.86 0.31 0.65 
Ky,o uM 14! 16 | 160 12 
Ro 0.78 X a laid 4 107"/0.g0 xX 10°-“l0.90 X 10° 
Ker = = dissociation constant of L ADH. DPNH. Kg,o = 
dissociation constant of LADH- DPN. K.qg = 
[DPNH][ald|[H*] 
[DPN][ [alc] ] 











[Fis ay f / 
"i nT / 
* 
200+ pK=7,07 / R 
S 
Ww 
x 
100+ 
g | 
elles — > ; o — —" — 
6 7 pH 8 9 Yfatc] mm 10 
FIG. 1. Experimental values of Kgo at pH 6, 7 and g adapted 


to fit a dissociation curve with asymptotes 288 and 8.5 uM, pK 7.07. 

The titratable group in the free enzyme then has a pK of 8.60. 
FIG. 2. Lineweaver-Burk plots with DPN = 255 um and varied 

alcohol. pH = 7.0, 23.5°C; X = without imidazole; @ = with 


10 mM imidazole; A = with 20 mo imidazole. 
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TABLE 2. Dissociation Constant for Complexes of LADH 
with Coenzymes and Imidazole (Uncharged, 
Alcaline Form) w = 0.1, 23.5° C 


I 2 3 4 5 | 6 7 | 8 
! 

pH | Kerem | Kg, mu KER I KEIR Ko uM [Keo 1 mM |Kp1,0 aM 

F 7 ales mM uM ' sell sii i | sa 
6 | 0.23 0.47 4.2 2.0 | 266 0.8 450 
7 0.31 0.55 3-5 2.0 160 1.5 430 
8 0.41 0.68 3.6 aoe 51 5-9 440 
9 0.65 0.67 3.0 2.9 12 24.2 435 


The dissociation constants at pH 6 to g are seen in 
Table 2. Whereas Kgz is only moderately sensitive to pH 
changes, and in this region increases a little with pH, 
Keo shows a strong effect of opposite sign. As seen from 
Fig. 1 the values for Kgo can be fitted to a monovalent 
dissociation curve with pK 7.07 and the asymptotes 
Keo & 300 uM at high acidity, Ko 8 uM in the al- 
kaline region. This effect is entirely absent in ER and 
was, therefore, attributed to a stabilization in alkaline 
solution of the E— O binding by attraction between the 
positively charged pyridine ring in DPN* and some 
group in the protein acquiring a negative charge by dis- 
sociating a proton in alkaline solution. Our calculations 
showed that the pK of this group in the protein (without 
DPN) is around 8.60, which in E-DPN* goes down to 
7.07 through DPN? repelling a proton from this group. 

As I shall come back to later, there is good reason to 
believe that this titratable group at the protein is a 
water molecule, in acid solution coordinated with zinc. 
L-ADH contains 2 Zn/mole, and two binding sites for 
DPNH per mole. We have very strong evidence to show 
that these operate independently of one another. The 
hydroxo group, we think, by coulombic attraction sta- 
bilizes the bonding of the pyridinium ring of DPN?* to 
the enzyme. 


EXPERIMENTS WITH INHIBITORS 


I shall now tell you a little about our studies on ternary 
complexes involving enzyme, coenzyme, and inhibitors. 
Already published work with A. Winer (10) had shown 
that fatty acids form complexes with E (‘“‘EI’”’) and EO 
(“EOL”), but not with ER. Fatty acids compete in 
kinetic experiments with alcohol—which was known for 
formate and acetate since our experime nts in 1955 (9)— 
and also with DPNH, which is a consequence s their 
inability to form complexes with ER. Fatty acid amides, 
on the contrary, form ER and ERI complexes, but not 
EOI, and accordingly compete with aldehydes and 
DPN. 

We recently found, with McKee, that imidazole which 
is well known to form complexes with Zn ions, makes 
ternary complexes of both ERI and EOI types. Our 
spectrophotofluorometric titration method was exceed- 
ingly suitable for determining the different dissociation 
constants, because the ternary complex ERI gives a very 
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strong fluorescence. At 410 my the intensity is 50 times 
that of free DPNH. 

The results are summarized in Table 2. 

This table gives (col. 3) the information that one mole- 
cule of imidazole is bound to the enzyme in the propor- 
tion one to one binding site, which is the same as one per 
one atom of Zn. The dissociation constant Ker is of the 
same order of magnitude as for imidazole, forming a co- 
ordination compound with free Zn ions. ‘These, however, 
can attach 4 molecules of imidazole in a tetrahedral com- 
plex. Since Zn in the enzyme can attach only one imid- 
azole, this is most easily explained by assuming that 
three valencies of the Zn are used for binding Zn to the 
protein. This would give an explanation of the very 
tight association of Zn with ADH, and why none of the 
strong bidentate chelators with Zn like ortophenantro- 
line (OP) or a@,-a’-dipyridyl, can remove Zn from 
L-ADH. We came to the hypothesis, that Zn in L-ADH 
is bound in an octahedral complex with three bonds to 
the protein and three free for coordinating with coen- 
zymes (adenine part as bidentate ligand, as suggested by 
Wallenfels and Sund (11), substrates (unidentates) or 
inhibitors (imidazole, fatty acids, amides: unidentates; 
OP, a,-a’-dipyridyl, ethylendiamine, glycine: biden- 
tates). 

The theory gained considerable support from both 
kinetic experiments and equilibrium determinations. 
Some of the kinetic experiments with inhibitors were 
made in collaboration with Dr. R. Plane, U S A. 

1) Imidazole competed with both alcohol and alde- 
hyde, but not with DPNH. With DPN, the kinetics gave 
nearly competitive pictures. These were surprising, since 
EOI complexes are formed (see Table 1). This apparent 
paradox was explained from the data in Table 2, col- 
umns 6, 7 and 8, which may be represented in the 
formulas: 





Adenine 





The three free Zn valencies A, B, and C are fixed in a 
given position on the enzyme surface, and, therefore, not 
equivalent. Suppose A and B are used for attaching the 
adenine part of DPN as bidentate, bond C may have 
either 7) a hydroxo group, or an alcoholate anion, or a 
fatty acid anion, or 2) a neutral imidazole molecule, or 
3) a neutral water molecule. The pyridine ring is known 


WILIRA 
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to be close to the adenine part in the natural 6-isomer of 
DPNH, because energy transfer occurs between adenine 
and pyridine (5, 12). Therefore, the pyridine must, just 
as the adenine, be close to the zinc atom, and mutual 
stabilization between the positively charged pyridinium 
ring in DPN*, and negatively charged ligands to the zinc 
will occur. This stabilization effect is 34-fold with the 
hydroxo group; 23-fold with caprate ion. With alcohol, 
the situation is complicated by the fact that the ternary 
complex enzyme—DPN—alcohol undergoes rapid intra- 
molecular conversion. However, a stabilization seems to 
occur, since the Michaelis constant for DPN goes down 
24-fold—when the alcohol concentration is varied from 
zero to infinity. 

2) Fatty acids compete with alcohol for bond C, as al- 
ready discussed, but they also compete with DPNH. 
This could have been expected from the fact discovered 
in collaboration with Winer 2 years ago, that ternary 
complexes of ADH, DPNH and fatty acids (‘‘ERI’’) 
cannot be formed. Fatty acid amides show reverse effects, 
competing with aldehyde and DPN, and are unable to 
form EOI complexes. The only logical explanation we 
have been able to find is that the bonding of the adenine 
part of the coenzyme makes an “edge shift’? on the Zn in 
connection with oxidation and reduction. Thus, if we 
denote the valencies occupied by the DPN-adenine A 
and B, leaving C free for attaching alcohol or fatty 
acids, the DPNH-adenine should engage, e.g., A and C, 
leaving B for aldehyde or fatty acid amides. 

This theory has been found to be in agreement with all 
experiments done so far with different inhibitors. 

3) Bidentate inhibitors like orthophenantroline, a ,-a’- 
dipyridyl and ethylenediamine, compete with both DPN 
and DPNH, in agreement with the fact that the adenine 
part of the coenzymes cannot share three bonds with 
another bidentate ligand. The two first mentioned in- 
hibitors are strong; ethylenediamine very weak, in 
agreement with the fact that ethylenediamine as third 
bidentate ligand in an octahedral Zn complex is known 
to have a low association constant. 

4) Glycine was in equilibrium measurements found to 
form a compound EI with the enzyme, but neither DPN 
nor DPNH could then form a ternary complex. This is 
again, in agreement with the idea that only three valen- 
cies of Zn are free, two of them being occupied by gly- 
cine as bidentate ligand. 

5) At very high alcohol concentrations we found an 
“unnatural” ER-alc* complex to be formed; K& ale is = 
100 mM, Kipvale = 40 MM and K§ ater = 0.12 uM. This 
interesting compound has a lower fluorescence intensity 
than the natural ER complex. The neutral stabilization 
(2.5-fold) between R and alcohol explains the 2.5-foid 
inhibition of the reaction velocity at very high concen- 
trations of alcohol. We think this complex is formed 
either by alcohol being compelled to use the aldehyde 
bond, or R the O-bond. 

The kinetic experiments with imidazole showed an in- 
teresting effect (see Fig. 2). The Lineweaver-Burk plots 
with and without imidazole sometimes; for example, 
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when [DPN] was kept high and [alcohol] varied, crossed 
one another so that at high [alcohol] stimulation, at low 
{alcohol} inhibition occurred. When the values were ex- 
trapolated to infinite imidazole concentration, the reac- 
tion velocity at the intercept with the ordinate ({alco- 
hol] = %«) was stimulated by imidazole by a factor = 
Ker.r/Ker. This is explained in the following way: At 
high concentrations of both DPN and alcohol, without 
imidazole, the reaction 


ky 


ER —— E + R 


is rate-limiting. When imidazole is present the ternary 
complex ERI is formed: 





The experiment recorded in Fig. 2 showed a 6.5-fold 
stimulation of the rate at [Im] — ~. This would happen 
if ky, > ki. which is very probable and ki2 = 6.5 X& kg; 
but 


Ker = kis X ki =— (see Table2) = 6.5 
Ker ky X kp 0.31 
Therefore, k;; = ki, and the ‘“‘on velocity” of R to EI 
and to E are the same. This effect is of considerable inter- 
est; it offers a possibility of increasing the reaction veloc- 
ity many-fold. Other nitrogenous, heterocyclic bases 
seem to react in the same way, and it may be that such 
reactions are of physiological importance. Substances like 
imidazole would have a “‘homeostatic”’ function towards 
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the substrate: large concentrations lead to rapid oxida- 
tion, but as soon as lower concentrations are reached, 
inhibition occurs. 

Time does not allow me to describe any more of our 
experiments and results. The conclusion on the working 
mechanism of the liver ADH system could be sum. 
marized in the formula: 


N==———CH N 
C——=C ( . 
CH; H H 
N oN NH; \ AH, 
CH? -_ 
ae enn ss 0) # 
c H--“.-N 


Summary 








As a summary of the most important points of our re- 
sults I should mention the following: 

1) The system reacts according to the general mecha- 
nism of an enzyme with two substrates (scheme A). The 
reasons why the simplification made by Theorell and 
Chance in 1951 is nevertheless valid have been found, 

2) Zinc is the activating center, coordinating coen- 
zymes and substrates by the aid of three free valencies of 
an octahedral complex, the three other bonds being used 
for the strong attachment of Zn to the protein. 

Coenzymes and substrates are restricted to use par- 
ticular Zn bonds. These restrictions may depend upon 
additional binding sites, which are certainly operating 
for both substrates (lipofilic) and DPNH (possibly—SH 
to the pyridine ring), and DPN* (pyridinium attraction 
to negatively charge group on third Zn-bond). In addi- 
tion, other steric and space factors very probably play a 
role. In the interconversion ER ald = EO alc, the bond: 
ing of both coenzymes and substrates to Zn is shifted 
(“edge shift’). This explains how nature has accom- 
plished to invent a mechanism making the formation of 
the useless ternary complexes ER alc and EO ald difft- 
cult or impossible. 
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Role of thiamin diphosphate in catalysis' 


L. O. KRAMPITZ, I. SUZUKI,? AND G. GREULL 
Department of Microbiology, Western Reserve University School of Medicine, Cleveland, Ohio 


Tints THIAMIN WAS THE FIRST VITAMIN of the B 
series to be discovered, information concerning its mode 
of action in enzymatic reactions has only recently become 
available. It is well known that thiamin diphosphate 
(TDP), and not thiamin, is the active form of the vita- 
min in these processes. The term ‘‘acetaldehyde-thiamin 
diphosphate’’ has been used to describe the unknown 
nature of the two-carbon moiety, which is presumably in- 
volved in pyruvate metabolism, while ‘‘active glycolalde- 
hyde” or “‘glycolaldehyde-thiamin diphosphate”’ is used 
to describe the two-carbon moiety involved in trans- 
ketolase reactions. 

Several theories have been advanced to explain the 
mechanism of action of the coenzyme. Langenbeck (18) 
proposed a Schiff’s base intermediate between pyruvate 
and the amino group in the 4 position of the pyrimidine 
moiety of TDP. Lipmann (19) suggested an oxidation- 
reduction mechanism involving the quaternary nitrogen 
of the thiazole moiety. Ingraham and Westheimer (11), 
as well as Breslow (1), proposed that carbanion forma- 
tion on the N-methylene group of thiamin was involved. 
The pseudo-base form (20) and the sulfhydryl form (14) 
of TDP have also been implicated. None of these mecha- 
nisms has been experimentally verified with model or 
enzymatic systems. 

Two important observations made with a non-enzy- 
matic system contributed suggestions for a rational ap- 
proach to elucidation of the mode of action of the coen- 
zyme. Mizuhara and co-workers (21, 22) observed that 
thiamin and pyruvate, when adjusted to pH 8.8, formed 
acetoin and that the thiamin was acting catalytically. 
This non-enzymatic system is remarkably similar to bac- 
terial systems, which form acetoin from pyruvate, and 
are dependent upon TDP, with the exception that the 
rate of reaction in the model system is much slower. 
a-Acetolactic acid has been shown to be an intermediate 
in the formation of acetoin from pyruvate by both 
systems, while acetaldehyde cannot be detected (12, 
15, 26). 

The following general equations have been employed 
to describe the formation of acetoin from pyruvate: 


' This investigation was supported in part by a research grant 
(E-253) from the Public Health Service, and under contract 
AT(g0-1)-1050 with the Division of Biology and Medicine of the 
Atomic Energy Commission. 

* Present address: Institute of Applied Microbiology, University 
of Tokyo, Tokyo, Japan. 





CH;-CO-COOH + TDP — ‘“CH;-CHO—TDP” + CO, 
“CH;-CHO—TDP” + CH;-CO-COOH —- 
CH; 
CH;-CO-C -— COOH + TDP 


OH 
CH; 


CH; -CO-C—COOH — CH;-CO-CHOH-CH; + CO, 


OH 
Sum: 2CH;-CO-COOH — CH;-CO-CHOH-CH,; + 2CO, 


In contrast to the enzyme systems obtained from bac- 
terial sources, the non-enzymatic system will also form 
acetoin from acetaldehyde. a-Acetolactate is not an inter- 
mediate under these conditions. Presumably the two- 
carbon moiety involved in the formation of a-acetolactate 
and acetoin is an adduct with TDP. 

The second important ob:. vation was made by Bres- 
low (2). He found that the hydrogen at position two 
of the thiazole ring of thiamin exchanged with deuterium 
of deuterium oxide under conditions of the non-enzymatic 
system. (Fig. 1. The hydrogen at position two has been 
encircled). He compared the function of thiamin in the 
non-enzymatic acetoin forming system to the catalytic 
function of HCN in the formation of benzoin from benz- 
aldehyde. Breslow (3) and Yount and Metzler (27) 
also demonstrated that several thiazolium salts other than 
thiamin catalysed the formation of acetoin from pyruvate 
under conditions employed by Mizuhara. Breslow (2) 
synthesized 2-(a-hydroxybenzyl)3 ,4-dimethyl _ thiazol- 
ium iodide (Fig. 2), which would be the proposed inter- 
mediate for benzoin formation from benzaldehyde em- 
ploying 3,4-dimethyl thiazolium iodide as the catalyst, 
and found it was not converted to benzoin. Apparently the 
intermediate was labile and was converted to benzyl- 
aldehyde and the original thiazolium salt. 

Krampitz et al. (16) synthesized pi-3-[(2-methyl-4- 
amino - 5 - pyrimidyl) methyl] - 2 - (1 - hydroxyethyl)- 
4-methyl-5-(2-hydroxyethyl)-thiazolium chloride hydro- 
chloride,’ the proposed intermediate in acetoin formation 
from pyruvate (Fig. 3). It will be recognized that the 
compound, according to the hypothesis presented by 
Breslow, results from an initial ketol condensation of py- 


3 Abbreviated nomenclature: a-hydroxyethyl thiamin (HET) 
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ruvate with position two of the thiazole ring of thiamin 
followed by a decarboxylation. We established that the 
compound replaced thiamin in microbial nutrition ex- 
periments and with ATP substituted for TDP in yeast 
carboxylase preparations containing thiaminokinase. 
Krampitz et al/. (17) also showed that HET and acetalde- 
hyde adjusted to pH 8.8 formed acetoin non-enzymatic- 
ally, while similar quantities of thiamin and acetaldehyde 
under the same conditions did not form acetoin. Breslow 
and McNelis (4) synthesized 2- (a-hydroxyethyl)3- 
benzyl-4-methyl thiazolium bromide and demonstrated 
it formed acetoin under conditions of the model chemical 
system. 

These results are strongly indicative that HET is the 
active intermediate in acetoin formation. However, the 
chemical model systems do not provide proof for the 
enzymatic processes. The nutritional and enzymatic ex- 
periments with HET referred to previously may be criti- 
cized on the basis that the catalytic amounts of the com- 
pound required in these experiments may have broken 
down to thiamin by a nonspecific reaction and the ac- 
tivities observed were due to thiamin. 

Proof of the intermediary role of an a-hydroxyethyl 
substitution at position two of the thiazole ring depended 
upon the synthesis of hydroxyethyl thiamin diphosphate 
(HETDP) and conversion of substrate quantities of it to 
specific end products by various enzymes which catalyse 
pyruvate reactions. 

HETDP has been prepared and shown to be an inter- 
mediate in the enzymatic reactions illustrated by the 
following equations: 
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(1) CH3;-CO-COOH — CH;:CHO + COz 


Formation of acetaldehyde from pyruvate by wheat 
germ pyruvic carboxylase. 


(2) 2eCGH;-CO-COOH —> 
CH;-CO-CHOH-CH; + 2CO, 


Formation of acetoin from pyruvate by the acetoin 
forming complex obtained from Aerobacter aerogenes. 


(3) CH;-CO-COOH + 2Fe(CN),- + H2O0 > 
CH;-COOH + 2Fe(CN), + 2Ht + CO, 


Formation of acetate from pyruvate by a simulated 

pyruvic oxidase preparation. 

In addition a,f8-dihydroxyethyl thiamin diphosphate 
(diHETDP), which by analogy to HETDP would be the 
glycolaldehyde-TDP intermediate in transketolase reac- 
tions, has been prepared and shown to be an intermedi- 
ate in the formation of sedoheptulose-7-phosphate by 
transketolase. 













PREPARATION OF HETDP 








The chemical methods for the phosphorylation of thia- 
min to TDP are drastic, and we assumed that HET would 
not be stable under these conditions for phosphorylation 
to HETDP. Fortunately, however, Dr. C. S. Miller 
(private communication) has prepared several adducts 
of thiamin obtained by incubating carbonyl compounds 
with thiamin under conditions similar to those employed 
by Mizuhara. With acetaldehyde and thiamin, HET was 
obtained in yields which approximated 30 to 40 % of the 
original thiamin concentration. HET can also be iso- 
lated from mixtures of pyruvate and thiamin at pH 8.8, 

Since TDP will substitute for thiamin in the non-en- 
zymatic formation of acetoin from either pyruvate or 
acetaldehyde, we attempted to isolate HETDP from 
mixtures of 1-2 C'-acetaldehyde and TDP at pH 88. 
With the aid of paper chromatography, employing 
n-propanol-o.5 M ammonium formate (pH _ 5.0)-water 
(65:15:25) as the solvent, a radioactive compound con 
taining TDP, whose specific activity was identical to the 
acetaldehyde, was isolated. Proof that the material was 
HETDP consisted of treating the material with prostatic 
phosphatase and comparing the product with authentic 
HET. The C"-HETDP was employed in the enzymatic 
experiments to be described. 
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A detailed examination of the products formed when 
thiamin and acetaldehyde were incubated at pH 8.8 
gave a greater insight into the mechanism of acetoin for- 
mation. Chromatographic separation of such mixtures 
(Fig. 4) demonstrated not only the formation of HET 
but also an acetoin complex of thiamin. Figure 5 out- 
lines the mechanism of formation of acetoin. After the 
initial condensation of acetaldehyde with position two 
of the thiazole ring to form HET, the latter undergoes an 
aldol condensation with a second mole of acetaldehyde 
to form an acetoin-thiamin complex. The latter disso- 
ciates to form acetoin and thiamin. With acetaldehyde 
and TDP at pH 8.8, the acetoin adduct with TDP has 
also been isolated. This mechanism of an acceptor alde- 
hyde for the so-called acetaldehyde-TDP complex 
differs from that previously envisioned for enzymatic 
reactions involving pyruvate, wherein acetoin or a-aceto- 
lactate (depending upon the nature of the carbonyl ac- 
ceptor) were presumably formed without complexing 
with TDP. Unsuccessful attempts were made to isolate 
the pyruvic acid adduct with thiamin at position two 
of the thiazole ring from mixtures of thiamin and pyru- 
vate at pH 8.8. Recognizing that the adduct iu all proba- 
bility would be extremely labile, i.e., decarboxylation to 
HET, various mild procedures were employed for its 
identification. In all cases HET and the acetoin adduct 
with thiamin were the only compounds detected. 

Neither the acetoin nor the a-acetolactate complex 
with TDP has been isolated from enzymatic mixtures 
employing pyruvate as the substrate. However, we have 
observed that the acetoin-thiamin and the acetoin-thia- 
min diphosphate complexes are more labile than HET. 
The methods employed for the isolation of the acetoin or 
a-acetolactate-thiamin diphosphate complex from en- 
zymatic mixtures may have destroyed the compounds. 
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TABLE 1. Formation of Acetaldehyde from 
HETODP by Carboxylase 


Radioactivity in Recovered 


Exp. No. Carboxylase, mg Acetaldehyde, cpm 
I Oo 20 
2 1.0 300 
5 2.5 500 
4 5.0 1100 
5 10.0 1800 


500 wmoles imidazole buffer pH 6.5; 2 umcles MgSO,; 5 
umcles C'*-HETDP, 15,000 cpm; 10 uymoles sodium pyruvate 
except in absence of enzyme when pyruvate was replaced with 
10 umoles acetaldehyde. Wheat germ carboxylase resolved of 
TDP (3,300 u/mg). Total volume 5.0 ml; temp. 30°; time 4 hr. 
Acetaldehyde ccllected in 2,4,dinitrophenylhydrazine for 
counting purposes. 


FORMATION OF ACETALDEHYDE FROM HETDP 


The first enzymatic study with HETDP was an at- 
tempt to liberate acetaldehyde from it with wheat germ 
pyruvic carboxylase. The pyruvic carboxylase, resolved 
of TDP, was prepared by a modification of the procedure 
employed by Singer and Pensky (23). Detection of the 
acetaldehyde was attempted with the use of alcohol de- 
hydrogenase and DPNH. Oxidation of the DPNH did 
not occur. Subsequent investigations showed that while 
the affinity constants of TDP and HETDP for the car- 
boxylase were of the order of 4 X 107° M, the kinetics of 
the dissociation of TDP under the conditions of the ex- 
periment were extremely slow. Therefore, the turnover 
of HETDP and TDP on the catalytic amount of car- 
boxylase employed in the spectrophotometric assay was 
of such a small order of magnitude we could not possibly 
detect the formation of acetaldehyde. Relatively large 
amounts of the enzyme which had been resolved of TDP 
were, therefore, employed and the release of C™ acetalde- 
hyde from substrate amounts of C''-HETDP was deter- 
mined. These results are depicted in Table 1. 
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FIG. 6. Formation of acetaldehyde from C'* HETDP. 


In the absence of enzyme, with 10 uwmoles of noniso- 
topic acetaldehyde added for isolation purposes, the 
amount of C'*-acetaldehyde spontaneously formed from 
C'-HETDP was negligible. As the amount of enzyme in- 
creased from 1 mg to 10 mg, increasing amounts of acet- 
aldehyde were formed and a direct proportionality 
existed between the amount of carboxylase present and 
the amount of C"-acetaldehyde formed from C"- 
HETDP. These results are to be expected because of the 
slow rate of dissociation of TDP from carboxylase. 

Experiments wherein the conditions were similar to 
those outlined in Table 1 but with a fixed amount of en- 
zyme, 10 mg., showed a linear increase with time of 
formation of C''-acetaldehyde from C'*-HETDP (Fig. 6). 
Extrapolation to zero time indicated a substantial initial 
formation of C''-acetaldehyde. These results have been 
interpreted to mean that the first association of HETDP 
with the resolved enzyme releases an amount of acetalde- 
hyde which is equivalent to the amount of HETDP re- 
quired to saturate the enzyme, and the linear rate of re- 
lease of acetaldehyde which follows is due to the slow 
dissociation of TDP. 

In addition to these experiments which indicate the 
intermediary role of HETDP in the carboxylase reaction, 
we have isolated HETDP from a mixture of 20 mg of the 
purified wheat germ carboxylase and TDP which was 
forming acetaldehyde from pyruvate. Carlson and Brown 
(6) have recently isolated HET from similar mixtures, 
after treatment of the phosphorylated compounds with 
taka diastase. 

The action of carboxylase differs significantly from 
other enzymes which bring about transformations of 
pyruvate. Acetaldehyde is the major end product of the 
action of carboxylase on pyruvate, while with the ace- 
toin forming enzyme and pyruvic oxidase acetaldehyde 
cannot be detected. An explanation of this anomaly is 
offered by the following equations: 


Juni (13) has recently postulated two sites of action for 
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Acetoin formation: 
Enzyme (E) + TDP - 
E-TDP + pyruvate 


E-TDP-pyruvate - — 


E-TDP 
E-TDP-pyruvate 
E-HETDP + CO, 
E-TDP-acetolactate 
acetolactate + E-TDp 
>» acetoin + CO, 


E-HETDP + pyruvate - 
E-TDP-acetolactate - 
Acetolactate sete 
decarboxylase 
When acetaldehyde is present with pyruvate: 
E-HETDP + acetaldehyde - — E-TDP-acetoin 
E-TDP-acetoin : — E-TDP + acetoin 
Carboxylase action: 
E-HETDP + acceptor group 
on enzyme 


— CH;:CHO-E-TDP 
CH;:CHO-E-TDP - ——-> 


CH;:CHO + E-TDP 


With all pyruvic enzymes, TDP is bound to the enzyme 
so that the rate of dissociation of the coenzyme from the 
protein is extremely slow. The bound HETDP is an 
initial stable intermediate, formed by the condensation 
of pyruvate with the E-TDP complex. A decarboxylation 
occurs forming the E-HETDP complex. For further con- 
version of HETDP, a second condensation of an acceptor 
with it must occur. In the case of the bacterial acetoin 
forming system, pyruvic acid is normally the acceptor 
forming an a-acetolactate complex with the enzyme 
bound TDP. The complex dissociates to acetolactate and 
the E-TDP complex. Acetolactate is decarboxylated to 
acetoin by a specific decarboxylase which is not TDP 
dependent. Acetaldehyde, if present with the pyruvate, 
may combine with the enzyme bound HETDP forming 
an acetoin complex of TDP which dissociates to acetoin 
and E-TDP complex. 

In the case with carboxylase, evidence has been ob- 
tained which indicates that an acceptor group on the 
protein combines with the enzyme bound HETDP 
forming an unstable complex which dissociates to acet- 
aldehyde and TDP. In agreement with this concept 


carboxylase. 


FORMATION OF ACETOIN FROM HETDP 


To establish the intermediary role of HETDP in the 
enzymatic formation of acetoin, substrate quantities of 
the acetoin forming system from Aerobacter aerogenes were 
prepared. The enzyme system was resolved of TDP. 





TABLE 2. Formation of Acetoin from HET DP 


Radioactivity in 


Radioactivity in Residual 
Expt. No. Enzyme Acetoin, cpm Acetaldehyde cpm 
I None 75* o 
2 0.32 246 co) 
(300,000 units) 
3 1.2 2170 Oo 


(1,200,000 units) 


* 5 wmoles nonisotopic acetoin added for isolation purposes 
Total volume: 50 ml.; 2 mmoles potassium phosphate buffer, 
pH 6.5; 40 umoles MnCl.; 10 ymoles C“-HETDP, 30,000 cpm. 
2.5 mmoles acetaldehyde. Time 4 hr; temperature 30°. Acetoi 
isolated and 2,4-dinitrophenylhydrazone prepared for count 
ing purposes. 

C"H;-C4O-CHOH-:CH; 
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Table 2 depicts results of an experiment employing 
large amounts of the purified enzyme, C“-HETDP, and 
unlabeled acetaldehyde as an acceptor for the hydroxy- 
ethyl group. It will be observed that the formation of ace- 
toin from C'-HETDP depends upon the amount of en- 
zyme present. Degradation of the acetoin shows the C™ 
to be exclusively in the acetyl group, which is in agree- 
ment with the proposed mechanism. 

In addition, HETDP was isolated from a mixture of 22 
mg of enzyme, TDP, and pyruvate which was forming 
acetoin. The formation of acetoin from HETDP and 
acetaldehyde and the isolation of the intermediate from 
the enzymatic reaction mixture constitutes reliable evi- 
dence for the existence of HETDP as an intermediate in 
the enzymatic conversion of pyruvate to acetoin. 


ENZYMATIC FORMATION OF ACETATE FROM HETDP 


The pyruvic oxidase system is a highly organized com- 
plex requiring the following cofactors: TDP, lipoic acid, 
flavinadenine dinucleotide, DPN, and coenzyme A. It 
has been shown that oxidation of pyruvate will occur in 
the absence of the oxido-reduction cofactors referred to 
above if an electron acceptor, such as ferricyanide ion, is 
employed. Under appropriate experimental conditions, it 
can be readily demonstrated that the acetoin forming 
system described previously will form acetate from pyru- 
vate if an electron acceptor, such as the ferricyanide ion 
or,2 ,6-dichlorophenol indophenol, is present. Since this 
acetoin forming complex is devoid of DPN, lipoic acid, 
coenzyme A, and other components of the normal pyru- 
vic oxidase, one can. visualize the mechanism of oxidation 
of pyruvate in the presence of ferricyanide ion as indi- 
cated in Fig. 7. 
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TABLE 3. Formation of Acetate from HET DP 
Radioactivity in 
Acetate, cpm 
Enzyme (845 mg, 5.4 X 10° units) 10,010 
No enzyme 657 
Reaction mixture contained : 2 mmoles potassium phosphate, 
pH 6.2; 20 ymoles MnCl2; 10 umoles C'-HETDP, 130,000 cpm; 
200 wmoles potassium ferricyanide; nitrogen in gas phase. 
Total volume 50 ml; time 2 hr; temp. 30°. 20 umoles nonisotopic 
sodium acetate added at conclusicn of experiment. 


HETDP is formed from pyruvate in a manner analo- 
gous to the mechanism in acetoin formation and an en- 
zymatic oxidation of the hydroxyethy] group to an active 
acetyl group occurs. The latter, in the aqueous environ- 
ment, is spontaneously hydrolyzed to acetate and TDP. 
The rate of oxidation of pyruvate is enhanced in the 
presence of inorganic phosphate and acetyl phosphate 
can be detected with hydroxylamine. It is likely that 
phosphorolysis of the active acetyl group at position two 
of the thiazole ring occurs with the formation of acetyl 
phosphate. In the pyruvic oxidase complex oxidation of 
the a-hydroxyethyl group of TDP to an active acetyl 
group probably occurs by an electron transfer to the oxi- 
dized form of lipoic acid with a subsequent acetyl group 
transfer to dihydro lipoic acid. 

The data depicted in Table 3 demonstrate the oxida- 
tion of HETDP to acetate by the acetoin forming system 
from Aerobacter aerogenes, with ferricyanide ion as the 
electron acceptor. In the absence of enzyme, the oxida- 
tion of HETDP by ferricyanide ion as indicated by re- 
covery of Cl-acetate was negligible. With 845 mg of 
enzyme considerable oxidation had occurred. Other ex- 
periments showed that over 80% of the oxidation oc- 
curred during the first 15 min, indicating that the greater 
part of the oxidation took place with the initial association 
of HETDP with the resolved enzyme. Breslow and 
McNelis (5) and White and Ingraham (25) have very 
recently demonstrated that an acetyl group substituted at 
position two of a thiazolium salt was extremely labile in 
aqueous media. The compound, however, displayed sta- 
bility in some organic solvents. Holzer and Beaucamp (g) 
have recently isolated HETDP from a pyruvic oxidase 
preparation obtained from yeast. 


FORMATION OF SEDOHEPTULOSE-7-PHOSPHATE 
FROM DIHETDP BY TRANSKETOLASE 


As mentioned previously, if essentially the same mecha- 
nism was involved in transketolase reactions as in pyru- 
vate metabolism, the so-called “‘active glycolaldehyde” 
or glycolaldehyde-TDP derivative would be a,8 dihy- 
droxyethyl thiamin diphosphate (diHETDP). In the 
case of sedoheptulose-7-phosphate formation, ribose-5- 
phosphate would be the aldehydic acceptor for the di- 
hydroxyethyl group of diHETDP. The structure of 
diHETDP is depicted in Fig. 8. 

Attempts to synthesize this compound by reaction of 
TDP with either glycolaldehyde or hydroxypyruvate at 
pH 8.8 failed. It will be recalled that during the prepara- 
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tion of HET from thiamin and acetaldehyde at pH 8.8, 
an acetoin complex of thiamin was isolated. This know]l- 
edge prompted us to use formaldehyde and TDP at pH 
8.8 in an attempt to prepare diHETDP (Fig. 9). The ex- 
pectation was that hydroxymethyl-TDP would be formed 
initially from formaldehyde and TDP, followed by con- 
densation of a second mole of formaldehyde to form 
diHETDP. From such mixtures employing C''-formalde- 
hyde a compound containing TDP was obtained whose 
specific activity was exactly twice the specific activity of 
the residual formaldehyde. Furthermore, periodic oxida- 
tion of the compound yielded 1 mole of formaldehyde. 
We assumed that diHETDP had been prepared and pro- 
ceeded to test it in the transketolase reaction on the basis 
that if the compound were converted to sedoheptulose-7 
PO, under the conditions employed, we would have 
sufficient evidence for proof of structure. 

The work by Racker and his co-workers (8) and 
Horecker and his co-workers (10) have established that 


FIG. 9. Preparation of 
diHETDP. R,, Re, Rs same a 
Fig. 7. 


diHETDP 


TABLE 4. Incorporation of C''-di HETDP into 
Sedoheptulose-7-Phosphate 


Sedo-7-P Spec. Act. 
isolated, 
umoles 


Spec. e ne 
ay Total cts. 


x. 


Transketolase (925 

mg S.A. = 5.1) 
No enzyme ; 110 

50 umoles C''-dil 1ETDP (3.4 X 10° cpm); 50 umoles MgCl; 
100 umoles ribose-5-phesphate ; 30 umoles mixture of xylulose-5- 
phosphate and ribulose-5-phosphate. pH adjusted to 7.4. Total 
volume 8.0 ml. Incubated 1 hr at 30°. * 15 umoles sedohep- 
tulose-7-phosphate added at beginning of experiment. 


TDP is not readily dissociable from transketolase. Fur- 
thermore, if TDP were freely dissociable from the en- 
zyme, we would expect that with small amounts of the 
enzyme and substrate amounts of both xylulose-5-PO; 
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and TDP, glyceraldehyde-3-PO,4 would be formed in 
quantities which could be easily detected by a spectro- 
photometric assay. The so-called glycolaldehyde-TDP 
would be the other product of the cleavage. Glyceralde- 
hyde-3-PO, cannot be detected under these experimental 
conditions. 

Transketolase, which was resolved of TDP, was pre- 
pared from baker’s yeast by the method described by 
Srere et al. (24). Table 4 contains data from an experi- 
ment wherein large amounts of transketolase were 
employed with C'-diHETDP, ribose-5-PO, as the ac- 
ceptor, and a pentose phosphate mixture of xylulose-5- 
PO, and ribulose-5-PO,4. In the absence of enzyme, 15 
umoles of sedoheptulose-7-phosphate were added initially 
and reisolated at the conclusion of the experiment. Prac- 
tically no C™ from the C'-diHETDP appeared in the 
sedoheptulose-7-phosphate. The sedoheptulose-7-PO, 
which formed enzymatically had a specific activity of 612. 
Upon degradation, carbon atoms one and two of the 
sedoheptulose-7-PO, contained C™, and each carbon 
atom had essentially the same specific activity. Although 
the transketolase preparation used in these experiments 
was crystalline, it contained traces of ribose-5-PO, iso- 
merase and xylulose-5-PO,4 epimerase. With the amounts 
of enzyme employed under the conditions described, 
sufficient amounts of these enzymes were present to 
catalyse an equilibrium mixture of ribose-5-PO4., xylu- 
lose-5-PO 4, and ribulose-5-PO,4. The specific activity of 
C" in these pentose phosphates was approximately one- 
half that found in the sedoheptulose-7-PO 4. These results 
are in accord with the hypothesis that transketolase with 
TDP catalyses a cleavage of xylulose-5-phosphate to en- 
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zyme bound diHETDP and glyceraldehyde-3-phosphate. 
The former, in all likelihood by a mechanism similar to 
that outlined for acetolactate formation from pyruvate, 
forms sedoheptulose-7-phosphate by condensing with 
ribose-5-phosphate. 

Datta and Racker (7) have recently shown that C- 
glycolaldehyde is incorporated by an exchange reaction 
into fructose-6-PO, by transketolase catalysis. C'-fruc- 
tose-6-PO, was also shown to incorporate radioactivity 
into a pool of non-radioactive glycolaldehyde. These in- 
vestigators have also isolated a glycolaldehyde-enzyme 
intermediate which transferred the two carbon moiety 
to ribose-5-PO, or free glycolaldehyde with the forma- 
tion of sedoheptulose-7-PO, or erythulose. The enzyme 
bound glycolaldehyde was postulated to be a glycolalde- 
hyde-TDP derivative. These results are compatible with 
the concept that -TDP is firmly associated with the en- 
zyme and that the di-hydroxyethyl group at position two 
of the thiazole ring is in an activated state which ex- 
changes with free glycolaldehyde. 


SUMMARY 


Data have been presented which show that an a-hy- 
droxyethyl substitution at position two of the thiazole 
ring of TDP is the active intermediate in enzymatic con- 
versions of pyruvate to: 4) acetaldehyde and carbon 
dioxide; 2) acetoin and carbon dioxide; and 3) acetate 
and carbon dioxide. In addition it has been shown that 
an a-8 dihydroxyethyl substitution at position two of the 
thiazole ring of TDP is the active intermediate in reac- 
tions catalysed by transketolase. 
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Vitamin B, coenzymes and mechanism 


of transamination 
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———- PHOSPHATE WILL COMBINE with many pro- 
tein molecules, but both the number of molecules bound 
per mole of protein (14) and the affinities of the binding 
sites vary (3, 22). 

Certain specific proteins, the “‘pyridoxal enzymes,” 
possess the ability to bind a restricted number of mole- 
cules of pyridoxal phosphate in such a manner that the 
innate ability of the pyridoxal phosphate, itself, to 
catalyze a particular chemical reaction is increased for 
certain specific amino acids. This reaction and substrate 
specificity is not, necessarily, associated with a high affin- 
ity of the protein for pyridoxal phosphate. Recently, how- 
ever, several such enzymes have been isolated with the 
vitamin still bound to the protein, and this has permitted 
spectroscopic studies of coenzyme and substrate binding 
and of the intermediates involved in the catalytic reac- 
tions. 


SPECTROSCOPIC STUDIES OF THE MODES OF BINDING 


Earlier studies of the mode of binding were based 
largely on the effects of coenzyme analogues upon the 
activation of the various apoenzymes with pyridoxal 
phosphate. These studies implicated the phosphate 
groups, formyl, phenolic and methy! as possible points of 
attachment to the protein (22). 

Pyridoxal phosphate, due to its salicylaldehyde type 
group, has a yellow color (Amax = 388 mu) at high pH 
values but turns colorless at low pH values (18). The 
characteristic feature of all pyridoxal proteins so far iso- 
lated (Table 1) is that they either remain yellow (Amax = 
427 mu) or turn yellow with a maximum at about this 
wavelength as the pH is lowered (g, 10, 12, 20). This 
behavior is analogous to that of the pyridoxal valine 
imines studied by Metzler (15). The imine bond, itself, 
is very readily hydrolyzed, but is easily reduced with 
borohydride to the stable secondary amine. Three pyri- 
doxal enzymes have yielded epsilon amino lysine deriva- 
tives upon acid hydrolysis after borohydride reduction 
(5), so that binding of the aldehyde group to this type of 
amino group may prove to be a general feature. 

Actually three different types of color change occur 
when pyridoxal enzymes are taken to extreme pH 


values: 
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1) The spectra may change to those of pyridoxal 
phosphate itself due to the liberation of the vitamin from 
the protein. This was first observed by Matsuo and 
Greenberg with cystathionase (13). 

2) The prosthetic group may act as a true pH indi- 
cator. This effect was first noted with the glutamic as- 
partic transaminase and may be a general property of 
transaminases (Q). 

3) The bound prosthetic group may isomerize to a 
different type of bonding. Such an isomerization is sug- 
gested by a change in color with pH, which is too rapid 
to be due to an ionization. Such a rapid change has been 
noted with phosphorylase and glutamic decarboxylase 
(20). It is believed that it is due to a conversion of a 
Schiff base derivative into the uncomplicated Schiff base 
by a reaction such as that indicated in Fig. 1 (4). 


ENZYME-SUBSTRATE COMPOUNDS 


It has naturally been suggested that if the aldehyde 
group is bound to the protein, the amino acid substrate 
Schiff base intermediates, which are invoked to explain 
the reactions, could not be formed (1). However, Schiff 
bases are still chemically analogous to carbonyl com- 
pounds, and there is evidence that they may in fact be 
more reactive. That is to say, the enzyme-substrate com- 
pounds are formed bec use the aldehyde group is nor- 
mally bound in imine linkage to the protein. Water is not 
liberated in such a reaction (11), and changes in pH 
would also have little effect, since the group which re- 
acts is similar to that which is liberated. The reaction 
may in fact resemble that shown in Fig. 1, where X 
would be the substrate amino group making a nucleo- 
philic attack upon the carbon of the pyridoxal phosphate 
aldehyde group. With the glutamic aspartic transami- 
nase, it has been observed that the bound pyridoxal phos- 
phate reacts not only with amino acids but also with 
many carbony! reagents, virtually instantaneously, even 
though many of these reagents react only slowly with 
free pyridoxal phosphate (7). 

With an enzyme such as glutamic decarboxylase, the 
enzyme product complex is so unstable that the reaction 
rapidly goes to completion and, as with catalase (2), the 
enzyme-substrate complexes are observed only transi- 
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torily (21). We were fortunate that with the transami- 
nases the enzyme-substrate complexes could be observed 
quite readily in the presence of both amino acid and 
analogous keto acid. 

Wada and Snell report that the glutamic aspartic 
transaminase apoenzyme catalyzes the reversible reac- 
tion between free pyridoxamine and the substrate keto 
acids (23). They found that this reaction was powerfully 
inhibited by pyridoxal phosphate and pyridoxamine 
phosphate, which are bound tighter to the same site to 
reconstitute two forms of the holoenzyme. The two forms 
of the holoenzyme may also be isolated directly from 
natural sources, and are shown to be extremely rapidly 
interconvertible by the addition of either glutamate/keto- 


MECHANISM OF ACTION OF GCOENZYMES 





979 


glutarate or aspartate/oxaloacetate substrate pairs (8). 
There is now no doubt that the over-all reaction is as 
shown in Fig. 2. 

Figure 3A shows the spectra of the pig heart glutamic 
alanine transaminase (which we have recently isolated) 
in the presence of pyruvate alone, alanine alone, and in 
the presence of an excess of both pyruvate and alanine. 
In the presence of an excess of both alanine and pyruvate, 
only the enzyme-substrate complexes can be present. 
The spectra are complicated, but there appear to be 
three peaks present at about 330 my, 360 my, and 490 
mu. The questions that obviously arise are, how many 
separate species in equilibrium do these three peaks 
represent, and are they all intermediates in the reaction. 
It is believed that they do represent three different 
species for the following reasons, but whether all three 
are in fact intermediates remains to be demonstrated: 

First, when the experiment is performed with glu- 
tamate/ketoglutarate, the same peaks appear but the 
relative intensities differ (Fig. 38). Similar results have 
been observed with the glutamic aspartic transaminase, 
but here the effect was even more pronounced. With 
glutamate/ketoglutarate, one enzyme-substrate complex 
with a maximum at about 330 my predominated. How- 
ever, with the substrate analogue erythro-8-hydroxy-L-as- 
partic acid, two enzyme-substrate complexes with 
maxima at 360 and 492 my were also observed. It could 
be shown, moreover, that the complex with Amax 492 My 
preceded the others in the direction from the pyridoxal 
form of the enzyme (6). 

Second, comparison of the spectra of the intermediates 
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FIG. 4. Structures which have been proposed for the inter 
mediates in transamination. 


with those of known pyridoxal phosphate and pyridoxa- 
mine phosphate derivatives suggests that the peak at 
360 my is a Schiff base derivative of the former and the 
peak at 330 my is associated with a derivative of the 
latter. 


NATURE OF THE INTERMEDIATES IN TRANSAMINATION 


We would like to know the structure of the compound 
that absorbs at 492 my, since no known pyridoxal phos- 
phate derivatives absorb at such a high wavelength. We 
should also like to know how the intermediates involved 
in the reaction are related, and what it is that governs 
their stability and, hence, makes it possible to observe 
them spectroscopically. 

It is generally believed that the intermediates involved 
in the reaction are either tautomeric forms, differing, 
that is to say, in the localization but not the number of 
their hydrogen atoms; or, alternatively, are conjugate 
acid/base pairs differing in the number of their protons 
(19). For example, three of the intermediates commonly 
believed to be involved in the reaction are shown in Fig. 4, 
together with their probable absorption maxima. I and 
III are tautomeric forms, whereas II is their common 
conjugate base. 

Classically two mechanisms are involved in the proto- 
tropic rearrangement of azomethine systems sucl as the 
conversion of I into III. The direct interconversion is a 
bimolecular (SN2) reaction involving catalysis by both 
proton accepting and donating groups. In many cases, 
however, a monomolecular (SN1) rearrangement occurs, 
a reaction which goes by way of II as intermediate. In the 
case of pyridoxal derivatives, such an intermediate would 
be expected to be stabilized by resonance, as indicated, 
and it has been suggested that this explains the peculiar 
catalytic activity of pyridoxal phosphate (16, 17). 

It might be argued that the existence of three observ- 
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able enzyme-substrate complexes would support such a 
series of intermediates, but the following pieces of evi- 
dence do not support this conclusion: 

1) If the three spectra peaks are to be associated 
with the intermediates I, II, and III, the peaks associated 
with complex II should increase in intensity relative to 
I and III as the pH increases, since II is the conjugate 
base. Preliminary evidence suggests that the peak at 
492 my, which might have been associated with II 
actually decreases by a factor of only 2.5 between pH 
6.9 and pH 9.2. 

2) On the basis of spectral analogies with the valine 
imines and the pyridoxal form of the glutamic aspartic 
transaminase, it seems reasonable to associate the ab- 
sorbance at 360 my with an imine of pyridoxal phosphate, 
and this has to be the Schiff base involving the amino 
group of the substrate. The peak at a wavelength as long 
as 492 my must also be due to an imine and, moreover, 
our evidence suggests that it must precede the one with 
a maximum at 360 mu. The derivative with a maximum 
at 492 mu may be a tautomeric form of the derivative 
with Awax = 360 my, which has never been observed in 
solutions of imines because only the latter tautomeric 
form predominates in solutions of the vitamin. It is of in- 
terest that pyridoxal phosphate imines fluoresce at about 
490 my, which suggests that this is a characteristic elec- 
tronic vibration frequency (6, 21). 


SUMMARY 

At this time several generalizations concerning pyri- 
doxal phosphate containing enzymes appear to be 
justified. 

a) The most characteristic absorption maximum ap- 
pears to be near 427 my. This may be observed, perhaps 
only transitorily, as the pH is lowered to about pH 4. 
It indicates that the aldehyde group of pyridoxal phos- 
phate is wholly, or partly, bound to the protein as an 
imine or imine derivative. 

b) Both the type of reaction catalyzed and the sub- 
strate specificity reflect differences in the nature of the 
site binding the pyridoxal phosphate. These differences 
give rise to unique spectra for the pyridoxal enzymes. 
Although these spectra vary within wide limits, they are 
still ascribable to pyridoxal aldimine or imine derivative 
structures. It is suggested that this particular structural 
feature is, in fact, a prerequisite for the formation of 
amino acid Schiff base intermediates. 

c) The type of reaction which a pyridoxal enzyme 
catalyzes is governed by the relative stability of the pos- 
sible complexes which may be formed. For the same sort 
of reaction, say transamination, it is likely that the same 
intermediates occur and that the associated absorption 
maxima will be similar, even though the equilibrium 
proportions of the enzyme-substrate complexes vary with 
the different substrates. 
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Biotin enzymes’ 
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a OBSERVATIONS THAT CERTAIN CQ, fixation 
reactions or enzymes were decreased in biotin deficiency 
have long pointed to a function of this vitamin in CO, 
fixation. A function in fatty acid synthesis has also been 
indicated through the biotin sparing action of oleic acid 
for certain microorganisms (see Lynen et al. (18) for a 
review of the literature). A marked advance in our 
knowledge of the biochemical function of biotin was made 
when it was found that purified preparations of the 
enzyme acetyl carboxylase (Table 1, No. 3), which plays 
an essential role in fatty acid synthesis (6, 24, 25), were 
rich in biotin and inhibited by avidin (24, 25), the biotin 
binding protein of egg white. The same was found to be 
true (1) for 8-methylcrotonyl carboxylase (Table 1, No. 
2), an essential enzyme in leucine metabolism (1). These 
observations, and the findings by Lardy and Adler (17) 
that mitochondrial extracts of biotin deficient rat liver 
carboxylated propionate at a greatly reduced rate, indi- 
cated that biotin must also be the active group of pro- 
piony! carboxylase (Table 1, No. 1). 

This enzyme is concerned, together with the vitamin 
Bi. coenzyme-dependent methylmalonyl isomerase, 
which converts methylmalonyl CoA to succinyl CoA, 
with the oxidation of propionic acid (2, 5, 22). Propionyl 
carboxylase was also found to contain biotin and to be 
inhibited by avidin (13). Two other biotin enzymes of 
more recent discovery, transcarboxylase (21, 27) and 
ATP-dependent pyruvic carboxylase (23), are listed in 
Table 1. With the exception of transcarboxylase, all of 
the enzymes in Table 1 catalyze the same kind of reac- 
tion, namely a carboxylation driven by ATP which is 
thereby broken down to ADP and orthophosphate. Since 
two of these reactions are known to be reversible, it is 
probable that all reactions of this type are also reversible. 
Transcarboxylase catalyzes a novel type of reaction in- 
volving the intermolecular transfer of a carboxyl group. 


1 The experimental work reported in this paper was aided by 
grants from the National Institutes of Health, Public Health 
Service, and the Rockefeller Foundation. Standard abbreviations, 
accepted by the Journal of Biological Chemistry, have been used. 
Although the reacting species of carbon dioxide in the carboxyla- 
tion reactions catalyzed by biotin enzymes is probably the bicar- 
bonate ion (HCO;7), the symbol “‘CO,” has been used throughout 
to refer to this species. The symbol ~ has been used, as is customary, 
to denote an energy-rich bond as in the expressions CO,~enzyme, 
carboxyl~enzyme, or biotin~COd>. 
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Methylmalonyl-oxaloacetic transcarboxylase plays an 
essential role in the conversion of carbohydrate to pro- 
pionic acid by propionic acid bacteria. 

It has been repeatedly observed that biotin is not free 
in cells and tissues, but bound to protein from which it 
has to be released by hydrolysis. This has been found to 
be the case with the biotin enzymes (13, 18, 25). These 
observations and the fact that a bound form of biotin, 
biocytin (29), is found in nature, in which biotin is com- 
bined by a peptide-like linkage through the carboxyl 
group of its valeric acid side chain to the e-amino group 
of lysine, have led to the belief that in biotin enzymes the 
vitamin is covalently bound to the protein (18). How- 
ever, the fact that no biotin is detected before hydrolysis 
could be explained if the vitamin were dissociably bound 
to the enzyme with a very low dissociation constant, or if 
it were part of a large coenzyme molecule, even if this 
were loosely bound to the protein. Both these possibili- 
ties were ruled out by the observation that the biotin 
content of propionyl carboxylase remained unchanged 
after precipitation with perchloric acid (13), a procedure 
which would have split off any compound not covalently 
bound to the protein. It appears, therefore, likely that 
biotin is linked to lysine residues in biotin enzymes, but 
there is so far no direct evidence to support this as- 
sumption. 

Lynen et al. (18) made the important observation that, 
on incubation of 6-methylcrotony! carboxylase with large 
amounts of d-biotin in place of B-methylcrotonyl CoA, 
the free biotin was carboxylated. The compound (bio- 
tin ~ COz) was highly unstable but could be stabilized 
by conversion to the dimethyl ester with diazomethane. 
This ester proved to be identical to the dimethyl ester 
prepared by reaction of d-biotin methyl ester with 
methylchloroformate. The structure of biotin ~ CO, (18) 
is shown in Fig. 1, where it is assumed to be bound 
through a peptide-like linkage to an amino group of the 
enzyme protein. Of particular interest in relation to the 
proposed structure is the high instability of biotin ~ CO» 
at acid pH values. Thus, Lynen et al. (18) found that 
97 % of the bound CO, was split off within 25 min at pH 
4.5 and 0°, while in 0.03 M KOH only 7 and 22% was 
split in 30 min at 0° and 20°, respectively. 

Under conditions similar to those employed by Lynen, 
and with large amounts of pig heart propiony! carboxyl- 
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TABLE 1. Biotin Enzymes* 





re == ~ rs Siw “a a | 
Mgt | 


No. Enzyme Reaction Catalyzed require- | ye 
| 


ment | 





ATP + ‘CO,’ + prop | yes | 5, 22 
CoA = ADP + P, + | 
MMCoA 


| ATP + “CO.” + 6-CHs| yes | 1, 18 


1 | Propionyl car- 
boxylase 





2 | B-Methylcro- 


tonyl car- crot CoA = ADP + P; 
boxylase + 6-CH; glutac CcA | 

3 | Acetyl car- ATP + “COs” + acetyl | yes | 6, 24, 
boxylase CoA =* ADP + P; + | | 25 


malonyl! CoA 
| MMCoA + pyruvate — 
prop CoA + oxaloace- 
tate 
5 |ATP-depend- | ATP + ‘“CO2”? + pyru-| yes /23 
| ent pyruvic | vate => ADP + P, + | 
carboxylaset| oxaloacetate 


4 | Transcar- 
boxylase 


no | 21, 27 


* Abbreviations: Prop CoA, propionyl CoA; MMCoA, 
methylmalonyl CoA; 8-CH; crot CoA, B-methylerctonyl CoA; 
8-CH; glutac CoA; 8-methylglutaconyl CcA. *A catalytic 
amount of acetyl CoA or propiony! CoA is required for activity 
of this enzyme. 


O O 
e il il 
o=—C " P 
N~ \NH 
| 
HC =——CH O H 
“4 Bad 
te — (CH2)4—C — N— CH, —[ PROTEIN] 
FIG. 1. Structure of enzyme-biotin~CO, (From F. Lynen et 
al, (18)). 


ase, we observed no detectable carboxylation of free 
d-biotin when large amounts of the vitamin were substi- 
tuted for propionyl CoA. Lynen’s results could be ex- 
plained by the assumption (18) that their enzyme can 
bind d-biotin in a dissociable fashion, and that the 
“CO.” combined with biotin covalently bound to the 
enzyme can be transferred to the dissociably bound vita- 
min. If so, our negative results would simply reflect a 
lack of affinity of propionyl carboxylase for free biotin. 
Another possibility would be that the relatively crude 
enzyme preparations used by Lynen et al. in these experi- 
ments contained enzymes capable of hydrolyzing biotin 
(or biotin ~ COs) off the carboxylase and of linking 
biotin to the enzyme in the presence of ATP. There is 
little doubt as to the biological nature and significance of 
the carboxylation of biotin with 6-methylcrotonyl car- 
boxylase since, as pointed out by Lynen, only the natural 
d-form of the vitamin reacted, the /-enantiomorph being 
inactive. The ensuing discussion will be concerned with 
recent studies of our laboratory on propiony! carboxylase 
and the mechanism of the reaction catalyzed by this 
enzyme. 
Propiony! carboxylase catalyzes the reaction: 
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CH; 

| (Mgt+) 
ATP + “CO,” + CH: ——————— 

| 

COSCoA 


propionyl CoA 
CH; 
| 
ADP + P; + CH—COOH 


COSCoA 
methylmalonyl CoA 


The stoichiometry and reversibility of this reaction was 
established in 1959 (22), with highly purified prepara- 
tions of the enzyme from pig heart. This enzyme has re- 
cently been crystallized (14). Photographs of the crystals 
are shown in Fig. 2. Figure 3 shows sedimentation and 
electrophoresis patterns of the crystalline enzyme. The 
enzyme has a molecular weight of 700,000 and contains 
1 mole of bound biotin per 175,000 g of enzyme, 
or 4 moles per mole of enzyme. Some of its physical 
and catalytic constants are listed in Table 2. It is not 
unlikely that propionyl carboxylase might consist of four 
subunits of molecular weight 175,000, each with 1 mole- 
cule of biotin. This would be in line with observations 
made on other enzymes. Thus, crystalline muscle phos- 
phorylase a, with a molecular weight of 5c0,000, is known 
to be a tetramer of four identical subunits of molecular 
weight 125,000, each containing 1 molecule of bound 
phosphate and 1 of pyridoxal phosphate (3, 19). Muscle 
phosphorylase a is reversibly split into four subunits by 
p-chloromercuribenzoate. On uitracentrifugation in 7.0 M 
urea, propionyl carboxylase yields a single sharp peak 
with a sedimentation coefficient of 2.5 S instead of 19.7 S 
for the native enzyme (Fig. 3). This suggests dissociation 
of the molecule into a number of equal subunits the 





FIG. 2. Crystalline propionyl carboxylase from pig heart (14). 
A and B are different magnifications of crystals obtained at room 
temperature. C and D are photographs of crystals, at about the 
same magnification, obtained at 0°. As seen in C, these are occa- 
sionally rather large. 








984 FEDERATION PROCEEDINGS 


molecular weight of which has as yet not been deter- 
mined. However, this treatment led to irreversible inacti- 
vation of the enzyme. It is becoming increasingly appar- 
ent that other functional proteins, e.g., hemoglobin (11), 
glutamic dehydrogenase (8), and yeast alcohol dehy- 
drogenase (15), are made up of subunits and are inactive 
or largely so in the dissociated state. 

As is the case for other biotin enzymes, propiony! car- 
boxylase is inhibited by avidin. Of special interest is the 
fact that, as shown in Fig. 4, close to 100 % inhibition is 
obtained with stoichiometric amounts of avidin after 
incubation with the enzyme for 10-15 min. This indicates 
that avidin has as much affinity for enzyme-biotin as it 
has for the free vitamin, a result which is in line with the 
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ASCENDING DESCENDING 
FIG. 3. Sedimentation and electrophoresis patterns of crystalline 
propiony! carboxylase (14). A: Sedimentation in phosphate buffer. 
B: Sedimentation in phosphate buffer containing 7.0 M urea. 
Electrophoresis in tris buffer at pH 7.5. 


TABLE 2. Physical and Catalytic Constants of Crystalline 
Propionyl Carboxylase (1 4) 


! 
Catalytic Constants 
Physical Constants 


Apparent Ky Vmax (30°, pH 8.5) 


moles/liter KX <08 


ATP,* 0.08 


moles/min/mole enzyme 


Molecular wt., Propionyl CoA, 


700 ,000 21 ,600 
Isoelectric point, | HCO;~,* 2.5 Butyryl CoA, 2,500 
6.1 


Propionyl CoA, 0.2 
Butyryl CoA, 1.5 | 
| 


Bound bictin, 
4 moles/mole 


* Determined with amorphous enzyme (22) 
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FIG. 4. Time course of inhibition of propionyl carboxylase by a 
stoichiometric amount of avidin (13). 53 wg of enzyme (with 
0.075 ug of bound biotin) were incubated without, or with, 0.075 
unit of avidin (1 unit binds 1.0 wg of free biotin (4)) and the 
enzyme activity assayed at various time intervals. 


observation of Wright et al. (28) that avidin has the 
same degree of affinity for biotin and biocytin. The pur- 
est preparations of avidin have a binding capacity of 
8 ug biotin/mg (8 units per mg) and a molecular weight 
between 60,000 and 70,000 (7). Since their biotin-bind- 
ing capacity corresponds to 1 mole biotin per 30,000 g 
avidin, Warner (26) considers it likely that 2 molecules 
of biotin are bound by 1 of avidin. If so, for a molecular 
weight of 700,000, 1 molecule of pig heart propiony! 
carboxylase containing 4 molecules of biotin would 
bind 2 molecules of avidin. Pig heart propionyl carboxyl- 
ase is very sensitive to sulfhydryl binding reagents. One 
hundred per cent inhibition was obtained with 5 X 
10° M p-chloromercuribenzoate (13). 

Several lines of evidence indicate that the propionyl 
carboxylase reaction involves two separate steps as 
follows: 


(Mgt*) 
(1) ATP + “CO.” + enzyme = son. SALEM ADP + P; + 


CO, ~ enzyme 
(2) CO, ~ enzyme + propiony! CoA = enzyme + 


methylmalonyl CoA 


(3) Sum: ATP + “CO,” + propiony! CA ————— = 
ADP + P; + methylmalonyl CoA 


The first step (reaction 1) would be shared by enzymes 1, 
2, 3, and 5 of Table 1. 

On the basis of experiments on the exchange of radio- 
active P; or ADP with ATP, reaction 1 was believed (10, 
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FIG. 5. Possible mechanism of 0 
reaction 2. O'8 label indicated 
by asterisks. 


atp4- +co}8 


18) to proceed in two substeps as shown by reactions 1a 
and 1b below. 
- (Mg**) 
(ra) ATP + enzyme == —=> P; + enzyme ~ ADP 
(or ADP + enzyme ~ Pi) 
a ie, 








> 


(rb) Enzyme ~ ADP (or enzyme ~ P,) + ‘CO,’ 
ADP (or P;) + enzyme ~ CO, 


This is unlikely as careful reinvestigation (13) showed 
that P; was required for ATP-ADP exchange and, con- 
versely, ADP was required for ATP-P; exchange. A re- 
quirement for bicarbonate was also evident in these ex- 
periments. It then appears that reaction 1 proceeds in a 
single step. Boyer has found (unpublished), in experi- 
ments with crystalline propionyl carboxylase and HO! 
or NaHCO,'®, that one O!* from the bicarbonate appears 
in the orthophosphate and two O!* atoms appear in the 
carboxyl group of methylmalonyl CoA. When corrected 
for the equilibration between CO», HO, and bicar- 
bonate, there was no incorporation of O!® from water. 
Reaction 1 may be visualized (Fig. 5) as a concerted reac- 
tion involving nucleophilic attack of the biotin nitrogen 
on the bicarbonate carbon, followed by attack of the bi- 
carbonate oxygen on the terminal phosphate of ATP. 

The formulation of the over-all reaction as involving 
formation of an energy-rich carboxyl ~ enzyme as 
intermediate, proposed for 6-methylcrotonyl carb <ylase 
(18) and propionyl carboxylase (13, 16) on indirect 
evidence finds direct support in our experiments on the 
carboxylation and decarboxylation of propionyl car- 
boxylase (12). Following incubation of the enzyme with 
either ATP and “‘C™QO,”, in the presence of Mgt*, or 
with methylmalonyl CoA labeled with C™ in the car- 
boxyl group,? C“O». ~ enzyme can be isolated in about 
50% yield by passage through a Dowex-1 column. One 
mole of **C“O,” is taken up per mole of protein-bound 
biotin or 4 moles per mole of enzyme. 

In preliminary experiments on the transfer of “C™O,” 


* Methylmalonyl CoA-3-C"™ was prepared by reaction of ATP, 
“C4O,.”, and propionyl CoA, in the presence of propiony! carbox- 
ylase, and purified by ion-exchange chroraatography (12). 


H2C_ AHR 0=P-0 H2C. CH-R 
s ra 
0=p-07 

-Adenosine 
(Mg**) 


+ biotin-enzyme ¢+———-»ADP>~ + HPO} 802" 


+ co 8O biotin-enzyme 
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FIG. 6. Influence of various factors on the amount of 
methylmalonyl CoA-C™ found after incubation of C4O,~enzyme 
with propionyl CoA (12). Carboxylation of the enzyme with 
ATP + “CO,” in the presence of Mgt. 


from C“O, ~ enzyme to propionyl CoA, it was found 
that, on incubation for 5 or more minutes at room tem- 
perature, little or no methylmalonyl CoA-C™ was pres- 
ent. However, most of the radioactivity of the carboxyl ~ 
enzyme was found in methylmalonyl CoA when the 
reaction mixtures were supplemented with ATP and 
Meg. In the latter case, a large amount of nonlabeled 
bicarbonate was also added, since propiony! CoA might 
be carboxylated not through direct carboxyl transfer 
from the C“O, ~ enzyme but, by way of the over-all 
reaction (reaction 3) by**C™O,” arising by decarboxyl!a- 
tion of the CO, ~ enzyme. These results led us to 
discuss the possibility that ATP might be required ‘cr 
the transfer of “CO,” from the carboxyl ~ enzyme to 
propionyl CoA (13). 

Closer investigation showed that labeled methyl- 
malonyl CoA was always found in good yield, in the 
absence of ATP, provided the incubation was conducted 
either at low temperature or for a very short time at 
25-30°. As seen in Fig. 6, on very brief incubation (1g- 
1 min) at 30° (—c-c-0c-), most of the radioactivity 
of the C“O, ~ enzyme is recovered in methylmalonyl 
CoA. However, the recovery rapidly decreases, as the 
incubation is lengthened, to become negligible after 
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10 min. This result suggests that ““C“O,”’ first transferred 
from the enzyme to propionyl CoA, is subsequently 
released due to the reversibility of reaction 2 and to in- 
stability of the carboxyl ~ enzyme at this tempera- 
ture. On the other hand, at 3° (-@@-@-) most 
of the radioactivity originally on the enzyme is 
found in methylmalonyl CoA even after incubation for 
go min. This indicates that the carboxyl ~ enzyme is 
rather stable at temperatures near 0° so that an equilib- 
rium is established. It may further be seen (Fig. 6, 
—o-O-O-—), that ATP prevents the loss of methylmalony] 
CoA radioactivity at 30°. The “protective” effect of 
ATP is apparently due to the fact that, in the presence 
of an excess propiony! CoA and nonlabeled bicarbonate, 
a large amount of cold methylmalony! CoA is produced 
with considerable dilution of the methylmalonyl CoA-C"™ 
formed by the rapid transcarboxylation between CO, 
~ enzyme and propionyl CoA. Under these conditions, 
instability of the carboxyl ~ enzyme leads to loss of 
“CHO,” of very low specific radioactivity and, therefore, 
to a very slow loss of methylmalonyl CoA counts. This 
explanation is borne out by one other experiment in 
Fig. 6 (-mHHm-). When a moderate excess of cold 
methylmalony! CoA is present in a sample containing 
C“O, ~ enzyme and propiony! CoA, methylmalony] 
CoA radioactivity, which as usual is high after half a 
minute, decreases rather slowly over a 30-min incubation 
at 30°. It is, therefore, apparent that the carboxyl ~ 
enzyme, fairly stable at temperatures in the neighbor- 
hood of 0°, is quite unstable at higher temperatures. 

If we assume that the decrease in methylmalonyl CoA 
radioactivity with time, in the experiments of Fig. 6, 
is due to spontaneous decarboxylation of the CO, ~ 


TABLE 3. Carboxylation and Decarboxylation of Propionyl 
Carboxylase. Carboxylation by ATP + “CO.” (12) 
Carboxylation Decarboxylation 
ATP + “CO,” 
Mg**) 
en A 
+ Pj + CMO: ~ E| 


CO. ~ E + ADP 
C40. ~ E + prop CoA > E (Mg**) 

+ MMCoA-C4 | +Pi# ——> E 
+ “CO2” + ATP# 


Radioac- | |Radioac- ATP 
System 1 | tivity of | System 2 | tivity of | System 3 fi d 
| enzyme | MMCoA ae 
eevee : | 
cpm cpm jmp moles 
Complete II ,050 Complete |10,900 | Complete} 19.7 
No ATP 160 | No prop CoA 0 | No ADP | 0.05 
EDTA (0.02 mM) {10,280 | 
Avidin (11 units) | 554 
PCMB (5 X 1074 | fe) 
M) 


| 





System I. 1.14 mg enzyme. Incubation, 3 min at 25°. 0.565 
mg (ca. 3.2 mumoles biotin) of C'’O2 ~ enzyme were recovered. 
System 2. Aliquots of CO». ~ enzyme from system 1 were used 
and the results referred to the 0.565 mg recovered. Incubation, 
2 min at 3°. System 3. Carboxylation as in system 1 except for 
the use of cold ‘“CO>:.”’ 1.95 mg (ca. 11.1 mumoles biotin) CO2; ~ 
enzyme. Incubation, 5 min at 3°. Abbreviations as in Table 1. 
E denotes enzyme (propionyl carboxylase). 
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TABLE 4. Carboxylation and Decarboxylation of Propionyl 
Carboxylase Carboxylation by Methylmalonyl CoA-3-C" (12) 





Carboxylation Decarboxylation 





C4O2 ~ E + ADP 


‘of Ml + . ~ 
ee we a CoA C40: ~ E + prop CoA > E . : (Mg) 
+C%O:~E + MMCoA-( + Pj? ——-> E 
z + “C402” + ATPe 
Radioac- Radioac- 
System 1 tivity of System 2 tivity of System 3 Pa 
enzyme MMCoA ™ 
cpm cpm my moles 
Complete|/20,200*, Complete 19,700 | Complete} 3.54 


No prop CoA 105 | No ADP | 0.05 


EDTA (0.02 m) 19,800 


System 1. 1.11 mg enzyme; methylmalonyl CoA-3-C"™ (7.85 Xx 
10° cpm/umole). Incubation, 5 min at 0°. 0.51 mg (ca. 2.92 
myumoles biotin) CO. ~ enzyme were recovered. Systems 2 
and 3 asin Table 2,except that C4O» ~ enzyme (0.66 mg, ca. 3.77 
mumoles biotin) was used for the latter. * 2.58 mumoles of 
“CMQO,.”’ Thus, carboxylation of the enzyme (with 2.92 mumoles 
of biotin) was almost quantitative. Abbreviations as in Table 3. 


enzyme, the half-life of the CO. ~ enzyme at 30° and 
pH 7.5 (Fig. 6. —-c—c-c-—) would be about 3 min. 

The rate of spontaneous breakdown of the CO, ~ 
enzyme has also been measured spectrophotometrically, 
under the conditions of the optical assay of propionyl 
carboxylase (22), by using relatively large amounts of 
enzyme in the absence of propionyl CoA. There is a 
rather abrupt initial decrease in absorbancy at 340 mg, 
actually corresponding to the almost instantaneous 
carboxylation of the enzyme with release of an equivalent 
amount of ADP. This is followed by a prolonged, much 
slower decrease at a linear rate which, in the absence of 
ATPase activity, presumably reflects the rate of decar- 
boxylation of the CO, ~ enzyme. The half-lives of the 
CO, ~ enzyme calculated in this manner were 2.9, 2.6, 
and 1.6 min at pH 6.4, 8.1, and g.2, respectively. These 
values are of the same order of magnitude as the one 
derived from Fig. 6. Closer comparison of the stability 
of the CO. ~ enzyme with Lynen’s biotin ~ CO; is 
not warranted at this time, but the stability of the two 
compounds may be said to be roughly of the same order 
of magnitude. 

In the experiments of Tables 3 and 4, reactions of the 
C“O. ~ enzyme were studied at 3° under conditions 
in which the carboxyl ~ enzyme is relatively stable. They 
show that its radioactivity can be quantitatively trans 
ferred to propionyl CoA. Like the over-all reaction, 
this reaction is inhibited by avidin and by p-chloromer- 
curibenzoate. Lack of inhibition by ethylene diamine- 
tetraacetate indicates that Mg** is not required for 
this step. It may be noted in the experiment of system | 
(Table 2), for which the enzyme was carboxylated with 
methylmalonyl CoA-3-C™, that the enzyme (containing 
2.92 myumoles of biotin) took up 2.58 mymoles of “CO,” 
or almost 1 mole per mole. As further shown in Tables 3 
and 4 (system 3), the carboxyl ~ enzyme reacts with 
ADP and P*-labeled orthophosphate, in the presence 
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ropionyl 
74 (12) 


mp moles 


te) 3-54 
P | 0.05 


* (7.85 X 
(Ca. 2.92 
ystems 2 
» CA. 3.97 
moles of 
myumoles 
Table 3. 
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of Mg*t, to yield ATP® quantitatively. The above 
results, then, provide conclusive evidence that the over- 
all reaction catalyzed by propionyl carboxylase is the 
result of two partial, reversible reactions, each involving 
carboxylation and decarboxylation of the enzyme. The 
enzyme is carboxylated either by ‘‘CO,” + ATP 
(reaction 1, forward) in the presence of Mgt*, or by 
methylmalonyl CoA (reaction 2, backward) in the absence 
of Mg**. The energy-rich carboxyl enzyme either trans- 
fers “*CO,»” to propionyl CoA (reaction 2, forward) in the 
absence of Mg**, or is decarboxylated by ADP + 
orthophosphate to form ATP (reaction 1, backward) in 
the presence of Mgt*, 

Under our experimental conditions, the uptake of 
“CO,” by the enzyme approached 1 mole per mole of 
protein-bound biotin, i.e., 4 moles per mole of enzyme, 
and the bound ‘‘CO,” was almost quantitatively trans- 
ferred to propionyl CoA or utilized for the synthesis of 
ATP from ADP and orthophosphate in a 1 mole “CO,” 
per mole of ATP ratio. These conditions obviously 
favored extensive displacement of the equilibrium 
position of each partial reaction in the direction investi- 
gated. The stoichiometry of carboxylation of the enzyme 
suggests that the CO. ~ enzyme is enzyme-biotin ~ 
CO», as proposed by Lynen. This view finds some addi- 
tional support in the similar degree of instability of the 
CO, ~ enzyme and Lynen’s biotin ~ COs, but further 
work is required to throw more definite light on this 
point. 

Reaction 2 can be visualized as a transcarboxylation and 
is undoubtedly a step in the over-all reaction (reaction 6), 
catalyzed by transcarboxylase (27), for the transcar- 
boxylase reaction can be considered, in the light of the 
above results, the net result of the partial reactions 4 and 5. 


(¢) Oxaloacetate + enzyme — pyruvate + COz ~ enzyme 
(5) CO2 ~ enzyme + propionyl CoA 
= enzyme + methylmalonyl CoA 
(6) Sum: Oxaloacetate + propionyl CoA 
<= pyruvate + methylmalcnyl CoA 





Halenz and Lane (g) have recently presented evidence 
that propionyl carboxylase can function as a transcar- 
boxylase yielding methylmalonyl CoA-C* on incubation 
with ethylmalonyl CoA and propionyl CoA-C™. This is 
due to the fact that, as shown by several authors (14, 
16, 20), propiony! carboxylase reacts slowly with butyryl 
CoA to form ethylmalonyl CoA. On the basis of the 
results presented here, this transcarboxylation can be 
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explained by the coupling of reaction 7 with reaction 5 


(7) Ethylmalony] CoA + enzyme= butyryl CoA + CO, ~ en- 
zyme 


All biotin enzymes which, like enzymes 1, 2, 3, and 5 
in Table 1, catalyze ATP-dependent carboxylations are 
probably ‘“‘double-headed” two-step reaction enzymes. 
The first step leads to carboxylation of the enzyme 
(presumably to form enzyme-biotin~CO:) with 
liberation of ADP and orthophosphate. This step would 
be common to all of them. The second, substrate-specific 
step is a transcarboxylation from the CO: ~ enzyme to 
the ““CO,” acceptor. Both steps are probably reversible 
in all cases. Transcarboxylase is so far the only example 
of a biotin enzyme which brings about not an uptake of 
“CO,”, but exclusively a carboxyl transfer from one 
molecule to another via a two-step, reversible reaction 
involving intermediate carboxylation of the enzyme. 
All of the known biotin enzymes are transcarboxylases, 
but those of them which bring about an uptake of free 
“CO,” have an additional, ATP-utilizing mechanism 
built into them to make this possible. 

The pyruvic carboxylase of Utter and Keech (23) 
is a curious enzyme which may combine the features of 
transcarboxylase and the ATP-dependent carboxylases. 
Carboxylation of pyruvate by this enzyme requires, 
besides ATP and Mgt*, catalytic amounts of either 
acetyl! CoA or propionyl CoA. It is of interest in this 
connection that, while “CO,” is not directly transferred 
from propiony! carboxylase to transcarboxylase, the two 
enzymes can be coupled, in the presence of catalytic 
amounts of propionyl CoA, to convert pyruvate + 
“CO,” to oxaloacetate (27). 

This reaction (reaction 10) is the net result of reactions 
8 and 9. 

; (Mg**) 

(8) ATP + ‘‘CO,” + propionyl CoA =- - ADP + 

P; + methylmalonyl CoA 








(9) Methylmalonyl CoA + pyruvate = propionyl CoA + 
oxaloacetate 


ee 
(Mg**)_. ADP + 








(ro) Sum: ATP + ‘CO,” + pyruvate 





P; + oxaloacetate 


Thus, the combined action of these enzymes gives the 
same result that is obtained with the ATP-dependent 
pyruvic carboxylase. 
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BIOLOGICAL ROLE AND MECHANISM OF ACTION OF VITAMIN K 





Nutritional hypoprothrombinemia and 


metabolism of vitamin K' 


E. A. DOISY, JR. 


Department of Biochemistry, St. Louis University School of Medicine, St. Louis, Missouri 


Di nsis COMPARATIVELY RECENTLY, deficiency of the K 
vitamins in normal adult animals had not been recog- 
nized. In order to develop hypoprothrombinemia in 
adult rats, administration of drugs, or antagonists, or 
surgical alteration of biliary and digestive tracts was 
necessary. Thus, the disorder was restricted to the new- 
born or the newly hatched and rapidly growing organ- 
ism. It is my purpose today to re-examine some of these 
concepts and time honored precepts in the light of more 
recent information. Many new facts have been brought 
to light due in large part to the Army’s interest in the 
adequacy of foods preserved by irradiation. The Sym- 
posium? published in Federation Proceedings of De- 
cember 1960 summarizes many of these findings (36). 
Time does not permit a discussion of the interesting 
findings on germ-free animals. 

The first observation which stimulated so much 
activity was that of Johnson and his co-workers at the 
University of Illinois (21, 30). Most of the young male 
rats fed a diet unsupplemented with vitamin K con- 
taining 35 % solids of irradiated beef died of hemorrhage. 
These were observed to occur throughout the animal 
body; primary sites were the thymus, the thorax, the 
retroperitoneal area, the gonads, and the epididymal 
fat pads. It was quickly demonstrated that prothrombin 
times in animals fed diets containing irradiated beef 
were elevated and that the addition of small amounts of 
vitamin K, or vitamin K; returned prothrombin times 

' Preliminary reports of some of our work mentioned in this 
discussion have appeared (25-27, 31). These investigations were 
supported in part by Contract No. DA-49-007-MD-g96 with the 
Offices of the Quartermaster and Surgeon General, Department 
of the Army. The opinions expressed herein are those of the author, 
and not necessarily those of the Department of the Army. 

* By general agreement of investigators, participants were as- 
signed certain topics and were permitted to draw freely upon the 
work of other contractors. 


to normal. Other laboratories received contracts from 
the Army to assist in the elucidation of these problems. 
Among these were the Army Medical Research and 
Nutrition Laboratory at Denver, Richardson’s group 
at Texas A & M, Reber at the University of Illinois, 
Mellette at Richmond, Virginia, and our group at St. 
Louis University. 

Table 1 shows some of the problems which have been 
studied by these groups. In fairly quick succession, it 
was shown that there was a very remarkable difference 
in susceptibility of different strains of rats to hemorrhage, 
that female rats were much more resistant to hemor- 
rhage than males (28, 29), and that irradiation was not 
necessary for diets to cause nutritional hypoprothrom- 
binemia. Johnson’s group first showed that soy protein 
was more hemorrhagenic than irradiated beef (21), 
and that a straight chain aldehyde, decanal, lowers 
prothrombin (17). In an extension of the older observa- 
tions of Butt and Snell (7), and of Greaves and Schmidt 
(13), that bile is necessary for the absorption of vitamin 
K, the Denver group showed that a few milligrams of 
free bile acids added to the diet alleviated the hemor- 
rhage and decreased its incidence (17). About this time, 
Barnes and Fiala developed a technique for the preven- 
tion of coprophagy by tail cups, and showed that male 
rats suffered hypoprothrombinemia by the simple ex- 
clusion of 2-methyl-1 ,4-naphthoquinone from the diet 
(3, 4)- 

The Illinois group used this technique and a circular 
tubular cage to prevent coprophagy, and found animals 
thus maintained suffered more severe K avitaminosis. 
In such noncoprophagic rats, they determined that the 
weanling male rat will have a normal prothrombin time 
at 4 weeks if the diet supplies about 1.5 ug of vitamin 
K, per day (17). Read et al. of Denver reported that 
rats maintained normally and fed irradiated beef need 
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about 4 ug of vitamin K; daily; while the addition of 
83 mg of bile acids per day lowers this requirement to 2 
ug (17, 28). 

Using the chick assay for vitamin K, Johnson’s group 
has shown that vitamin K activity equivalent to 8-19 
ug of vitamin K; is present per gram of rat cecal con- 
tents. Thus, only a small amount of coprophagy would 
be necessary in order to meet the animal’s daily require- 
ment of 1.5-2 ug. As to the differences between strains, 
the Holtzman, Sprague-Dawley, and Charles River CD 
strains are all readily susceptible to hemorrhage; while 
the Texas A & M and St. Louis University strains are 
more resistant (28). In part, this may be due to the 
degree of coprophagy practiced by the different strains, 
and, in part, it may be related to the nutritional status 
of the mother (Richardson, unpublished observations). 
It should be pointed out that critical experiments to 
ascertain the requirements of these various strains for 
vitamin K have not been performed. 

The remarkable resistance of the female rat to nu- 
tritional hypoprothrombinemia has received attention 
(29). Mellette has shown that hormonal factors are in- 
volved. Castration of the male rat slows the onset of 
hemorrhage, while spaying females intensifies the inci- 
dence of hemorrhage. In addition, she has reported that 
older male rats (12-27 weeks of age) are much more 
prone to hemorrhage than 3—5-week-old rats. In general, 
administration of androgens intensifies, while estrogens 
ameliorate, hemorrhages (28). 

In mentioning some of our contributions to the prob- 
lem, I should like to thank my colleagues, Doctors Mat- 
schiner and Michael, for the privilege of discussing their 
work. Blood was drawn by cardiac puncture under light 
ether anesthesia, and prothrorabin was determined by 
the method of Hjort, Rapaport, and Owren (16), which 
is reported to be more specific for prothrombin than 
other one-stage methods. Our base-line value of 100 % 
prothrombin was determined on a large series of adult 
male rats raised on laboratory chow. Prothrombins 
above 85% are considered normal; the range of values 
as well as the number of animals with normal prothrom- 
bins are given in the tables. Our first data were ob- 
tained from animals fed experimental regimens for 8 
weeks, while more recently we developed a superior 
assay which uses adult males fed for only 2 weeks. Com- 
parison of prothrombin levels in young and old males 
reveals that many advantages accrue to the use of older 
males (Table 2). 

At the time we began our studies, we knew our strain 
was resistant to vitamin K deficiency. Addition of ir- 


TABLE 1. Factors Influencing Nutritional Hypopro- 
thrombinemia in the Rat 


Diet Strain Maternal diet 
Beef Age Vitamin A 
Soy protein Sex Vitamin A acid 
Bile acids Hormones Oxidized lipids 


Protein 
Amino acids 


Decanal 
Coprophagy 
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TABLE 2. Comparison of Old (13 Weeks) 
and Weanling Rats 


Prothrombin % Normal 





Diet* Age —_ - | pcm 
Avg. Range 
JB Old I 51 | 29-78 | 0/10 
2 42 18-59 | 0/10 
JB Weanling 2 73 22-114. | 4/10 
Casein Old I 74 52-9! 1/10 
2 75 33-102 | 4/10 
Casein Weanling 2 96 32-121 9/10 





* Diet JB contains 35% solids of beef irradiated at 5.58 
megarad and cooked before incorporation. Composition; 
Beef-88, sucrose-1g, cornstarch-35, salts 446-4, vitaminized 
cerelose-5, wheat germ oil-o.5, cod liver oil-1.5. Wet weight 
153 g, solids 100. The casein diet contained in %: casein-21, 
salts 446-4, cornstarch-43, sucrose-26, vitaminized cerelose-5, 
corn oil-5, vitamin E acetate-.0088, viosterol-.o27. Vitamin A 
acetate was added at 50 IU/g of diet. 


radiated beef* to our standard ration (g) led to little or 
no hypoprothrombinemia, while duplication of John- 
son’s diet exactly led to significant decrease in prothrom- 
bin. Examination of the dietary formulas led us to 
suspect the vitamin mineral supplement, since it was 
here that differences existed between Johnson’s diet and 
ours. Our diets contained .2 international units (IU) 
of vitamin A per gram, while 1.5% cod liver oil fur- 
nishes 12-27 IU per gram, depending upon the potency 
of the cod liver oil. 

It has been known for some time that massive amounts 
of vitamin A lead to hemorrhage and to hypopro- 
thrombinemia, which are responsive to administration 
of vitamin K (18, 19, 43). However, levels of 2,000 to 
15,000 IU of vitamin A per day were administered. 
Experiments designed to test the influence of vitamin A 
showed that animals fed diets containing irradiated 
beef had prothrombin levels which varied inversely 
with the amount of vitamin A added. 

The vitamin was operative at minute levels in produc- 
ing hemorrhage. An insignificant amount of vitamin A, 
as little as one-half of 1 [U/g of diet lowered prothrombin 
(Table 3) and higher levels progressively decreased the 
level of prothrombin without apparently affecting 
growth. Vitamin A assays with the Carr-Price reagent 
showed that there was no liver storage of vitamin A at 0 
and o.5 IU/g, but detectable hepatic levels occurred 
after feeding 5 1U/g of diet. This is somewhat less than 
that recommended for optimal growth in the rat (33, 
38). Contrasted to this is the effect of vitamin A in 
rats fed purified ration containing casein as a source of 
protein (Table 4). It should be noted that the animals 
receiving no additional vitamin A were in extremis from 
vitamin A deficiency at the time blood was drawn, and 
despite this their prothrombin was not severely depressed. 
Much more vitamin A is needed in the presence of 


3The ground beef used in these studies was purchased by the 
Office of the Quartermaster General and irradiated at 5.58 mega- 
rad by gamma rays at the Savannah River or Arco installations. 
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TABLE 3. Effects of Adding Vitamin A Acetate to 
Diets Containing Irradiated Beef* 








| Body Weight, g | 


vit. A 8 week 














| 
| : | Normal | P : 
gc | ————__ Prothromb * : & Vit. A IU/ 
tit | Gan owen | Batom | ASR | Move ari 
j | 
= — sae =| | | 
oO 41 | 260 | 101 | 8/10 | oO 
(79-121) | 
0.5 44 328 | mee Ro | o 
| | (44-100) | | 
5 44 | 324 | 39 | «(9/9 | 140 
| } 7-71) (130-150) 
50 46 | 287 40 | 0/9 | 968 
| | | (22-73) (820-1 ,430) 
500 | 46 250 | 1. |  of8 | 18,300 
(1-42) | | (15 ,000-20, 900) 
| 





* Diets as described by Johnson (17), except 1.5% cod liver 
oil replaced by an equal weight of corn oil containing the indi- 
cated amount of vitamin A acetate and 2.7 IU of vitamin D/g 
diet. Beef irradiated at 5.58 megarad. 


TABLE 4. Effects of Adding Vitamin A Acetate to 
A Purified Diet Containing Casein* 





| 


| Body Weight, g | 


Vit. A 8 week 


: | Normal : rn , 
|| Seen | S| emer 
oO 48 213 | 85 | 4/10 | oO 
| (69-107) | | 
0.5 44 65 | 96 8/10 | oO 
| (69-1 16) 
5 | 48 | 287 | 88 7/10 78 
| (44-119) | (66-94) 
20 44 25r | 83 5/10 | 470 
| (46-115) | (390-540) 
50 | 45 279 | 66 | 4/10 1,030 
| | (6-119) | | (840-1 , 300) 
500 | 44 238 | 15 0/10 13,400 
| (8-36) | | (10,000-21 ,700) 
soot | 41 | 221 | 106. | 10/10 | 12,300 
| | | (93-117) | | (10, 100-15 ,600) 





* Composition of diet in %: Casein-21, salts 446-4, corn- 
starch-43, glucose-22, vitaminized glucose-5, corn oil-5, vitamin 
E acetate-.oo&% and viosterol-.o2z7. Vitamin supplements do 
not contain added vitamin K. Composition of salt and vitamin 
mixtures is given in (17). t 2 wg of vitamin K diphosphate/g 
diet. 


casein to produce similar depression of prothrombin 
(25, 26). 

As an aside at this point, we were interested in other 
substances possessing vitamin A activity. Encouraged by 
Professor R. A. Morton of Liverpool, who visited our 
laboratories last Fall, we investigated a synthetic com- 
pound, vitamin A acid. It was synthesized originally by 
Arens and van Dorp, who reported that its sodium salt 
possessed biological activity equivalent to the natural 
vitamin (1, 42). It was also noted that the acid does not 
respond normally to the Carr-Price reagent (2), while 
Dowling and Wald have recently shown that it replaces 
the natural vitamin in all respects, except for mainte- 
nance of vision by the retinal rods (10, 11). Further- 
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more, this acid has not been detected in mammalian 
tissue, is not stored in the body, and is more toxic than 
the natural vitamin by other criteria. We tested the ef- 
fects of the acid in casein diets free of added vitamins A 
and K, as shown in Table 5. Vitamin A acid is at least 
ten times more hemorrhagenic than the acetate of 
vitamin A. Similar toxicity by criteria other than hemor- 
rhage was observed by Ames (unpublished, quoted by 
(15)). We are presenting these data at this time, because 
vitamin A acid is by far the most hemorrhagenic sub- 
stance we have yet studied. Although the acid has not 
been detected in mammalian systems, Elder and Topper 
reported at these meetings that retinene is converted to 
vitamin A acid by enzymes found in several rabbit 
tissues (12). 

Another fat soluble vitamin is implicated in this 
problem. Mellette has reported on a similar effect of 
vitamin E on prothrombin levels, although the effective 
amounts are much larger (28). A similar effect of a- 
tocopherylhydroquinone was noted by Mason and Rao 
(24) who reported that typical hemorrhages resulted in 
the usual loci; these did not respond to administration 
of vitamin E but were alleviated by vitamin K. 

If we may now turn our attention upon another facet 
of the problem, reference has been made to the im- 
portance of dietary protein. Table 6 compares four of 
these, each added at the 21 % level to a purified ration 
with vitamin A acetate at 50 [U/g. Casein and lactal- 
bumin support prothrombin levels fairly well, while soy 
protein and zein do not. Furthermore, the method of 
preparation of the protein is critical (26). Johnson’s 
group mentioned this last year (17) and in extending 
this observation we have extracted several proteins at 
room temperature with ethyl alcohol for 1 week. Table 
7 shows that lipid solvent extraction increases the hemor- 
rhagenicity of the protein. 

Borden’s Labco casein is not solvent extracted by the 
manufacturer, while General Biochemicals and Nu- 
tritional Biochemicals report that their caseins are ex- 
tracted with hot ethanol. It is also apparent that soy 
protein is more damaging after extraction. 


TABLE 5. Comparison of Effects of Vitamin A Acetate 
and Vitamin A Acid in Adult Male Rats* 





Prothrombin 


: | Weight; % of Normal y 
Diet Additions pat om es eae ae ae 
Avg. Range 

None I | | 104 | 88-123 | 10/10 
| 2 1.91 | 98 | 47-131 | 8/10 

Acetate 501U/g | I 87 | 73-102 | 5/10 
| 2 | 1.75 | 88 | 59-111 | 6/10 

Acetate 250 1U/g | I 71 | 41-133 1/9 
2 1.65 | 51 | 24-117 | 1/10 

Acid 5 IU/g | I 81 33-109 4/10 
2 | 2.04 | 61 | 39-85 | 1/10 

Acid 50 IU/g | I | 28 | 10-42 | 0/10 


2 | 1.57 Il ‘5-23 | o/t0 





* Diet as in Table 4. 











As if the effects of protein were not enough, Malhotra 
and Reber reported upon the action of methionine in 
protecting against hemorrhage in rats fed irradiated 
beef (20). This may correlate with the earlier work of 
Carter and Warner, who showed that methionine and 
vitamin Ks were necessary to maintain factor V (ac- 
celerator) activity in dogs (8). Table 8 presents our data 
corroborating the work of Reber, and showing growth 
restriction at the higher level of methionine. Another 
amino acid was also examined in view of the antagonism 
between tryptophane and vitamin K_ reported by 
Quagliariello et al. (35). As can be seen in Table 8, 
tryptophane had a hemorrhagenic action under these 
conditions. 

Another phase of our investigation previously reported 
by Dr. Matschiner has dealt with the effects of addition 
of several lipids to the rations (27). We are indebted to 
Dr. Hsia of our laboratories for their oxidation. Table 9 
shows the remarkable hemorrhagenic properties of 
squalene and oxidized squalene added to the casein ra- 
tion containing 50 IU of vitamin A per gram of diet. 
This depression is readily combatted by the addition of 


TABLE 6. Examination of Hemorrhagenicity of Several Dietary 
Proteins in Adult Male Rats* 


Prothrombin 
Weight % of Normal 


Diet week | Gain, elas 

sek Avg. Range 
Drackett (soy pro- I 58 28-82 0/10 
tein) 2 3.17) 40 12-72 0/10 
Casein I 87 73-102 5/10 
2 1.75 88 59-111 6/10 
Lactalbumin I 84 59-103 6/10 
2 3.16 88 74-107 5/10 
Zein I 64 | 32-99 1/10 
2 —1.90 63 36-84 0/10 


* Diet as in Table 4; 21% protein, vitamin A acetate at 


50 IU/g. 


TABLE 7. Effect of Extraction by Ethanol on 
Hemorrhagenicity of Dietary Protein* 


; Prothrombin 
Diet Time, oie ecoimans Normal 
week g/day Animals 
Avg. Range 

Labco casein I 87 73-102 5/10 
(Borden’s) 2 1.75 | 88 | 59-111 6/10 
Labco casein (ex- I 74 37-108 4/10 
tracted ) 2 2.15 59 18-88 1/10 
Drackett (soy pro- I 58 28-82 0/10 
tein) 2 3.17 409 12-72 0/10 
Drackett (ex- I ZI 14-62 0/10 

tracted) 2 1.00 26 13-47 0/9 
GBI casein I 53 | 34-73 0/10 
2 2.64 40 33-74 0/10 
NBC casein I 47 24-99 1/10 
2 1.50 47 18-84 0/10 


‘% protein, vitamin A at 50 IU/g. 


* Diet as in Table 4; 21 
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TABLE 8. Effect of Supplemental Amino Acids on 
Blood Clotting of Adult Male Rats 


Prothrombin 
_ Weight % of Normal ners 
Diet* Time, aay Normal 
week ee Animals 

4 day 

Avg. Range 
Soy protein I 58 | 28-82 0/10 
2 3.17 40 [2-72 0/10 
Soy protein + 0.5% I 43 25-58 0/10 
d,l-methionine 2 2.16 | 37 17-72 0/10 
Soy protein + 2.0% I 60 | 33-87 1/10 
d,/-methionine 2 0.62 | 62 | 26-91 1/10 
Caseint I 87 72-102 5/10 
2 1.75, 88 | 59 "11 6/10 
Casein + 0.5% I 77 | 30-120 4/10 
/-tryptophane 2 L223 53 | 24-105 2/10 


* Composition same as in Table 4, except soy protein re- 
placed casein. Vitamin A acetate added at 50 IU/g. + Data 
from Table 4. 


TABLE 9. Effects of Squalene and Oxidized Squalene 
on Prothrombin Level of Adult Male Rats 


Prothrombin 
sig % of N ‘ : 
Diet* Additior Time, Gn ance Normal 
ees week , Animals 
g/day 

Avg. Range 
None I 87 73-102 5/10 
2 1.75 | 88 | 59-111 6/10 
0.5% squalene I 51 35-88 1/10 
2 2.72 24 8-57 0/10 
0.5% squalene + I 96 | 84-111 9/10 
K, DPt 2 1.43 | 82 | 62-115 4/10 
0.5% oxidized I 22 13-30 0/10 
squalene 2 1.92 10 5-18 0/10 
0.5% oxidized I 106 | 94-123 10/10 
squalene + K, 2 2.83 | 101 88-111 10/10 


DPt 


* Diet as in Table 4 containing 50 IU vitamin A acetate/g 
diet. +K, DP is dihydrovitamin K, diphosphate at 2.5 
pe/g diet. 


2 wg of dihydrovitamin K; diphosphate’ per gram of 
food. Thus, we have added to the already numerous 
factors influencing nutritional hypoprothrombinemia in 
the rat. We have shown the extremely critical effect of 
vitamin A at low levels; the more pronounced effect of 
vitamin A acid; and the effect of certain oxidized lipids; 
and have pointed out the importance of preparation of 
certain proteins upon prothrombin level. 

The surface of this problem has been scratched but 
not very deeply. There are many unanswered questions. 
is intestinally synthesized vitamin K unavailable unless 
coprophagy is practiced? How are the K vitamins in- 
volved in the synthesis of prothrombir. What other 
clotting factors are also affected? How do the vitamins 
A and E and their derivatives, as well as other lipids, 
intensify hypoprothrombinemia? How do methionine 
and other amino acids enter the picture? 

4We are indebted to Dr. N. S. Ritter of Merck, Sharp and 
Dohme for a generous gift of dihydrovitamin K, diphosphate. 
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The other portion of my paper deals with the metabo- 
lism of the K vitamins. Several years ago Richert ad- 
ministered 300 mg of 2-methyl-1 ,4-naphthoquinone to 
rabbits and isolated the ethereal sulfate of the hydro- 
quinone as a urinary metabolite (37). Later, the Cana- 
dian group of Jaques, Taylor et al. compared the 
metabolism of C'-labeled K, and Kz and, in addition 
to confirming Richert’s work, observed that most of the 
radioactivity in the bile of rats with bile fistulas was 
altered. Only 1.5% of the C" in bile was in unchanged 
vitamin K ; (32, 39-41). Most of the early work measured 
distribution or metabolism after the administration of 
massive amounts, and to date no investigator has traced 
the metabolism of physiological amounts, i.e., 2-4 ug of 
vitamin Ky, through the rat or other experimental 
animal. 

Among the various approaches to the problem are the 
elegant techniques of Martius et al. In 1955, he reported 
on the feeding of 80 ug/day of C'-labeled 2-methyl-1 , 4- 
naphthohydroquinone diacetate for periods up to 70 
days. The chickens were sacrificed, and heart, liver, and 
kidney were removed, homogenized and separated into 
subcellular fractions. Martius found two to seven times 
as much radioactivity in the mitochondria of these 
organs as in the nuclear fractions. Inquiry into the na- 
ture of the C' was conducted by partition of the radio- 
carbon fractions between immiscible organic solvents. 
The partition coefficients of the metabolites did not 
resemble that of the substrate or of vitamin K; but were 
nearly identical to that of vitamin K, (22). The follow- 
ing year, Greene, Sgndergaard, and Dam found by 
chick assay that activity equal to 71 ug of vitamin K; 
per 100 grams of fresh beef liver was present in hepatic 
mitochondria (14). 

Martius then gave labeled menadione to chicks and 
rats and identified by countercurrent distribution 
2-methyl-3-geranylgeranyl-1 , 4-naphthoquinone [K 2,29) }. 
This report in 1959 included data which showed 
that homogenates of chicken liver could make K a2») 
from menadione and mevalonic acid (23). 

In a follow-up study in 1960, Billeter and Martius 
gave chickens .355 mg of a mixture of labeled vitamins 
K,: H® in the 2-methyl and C" in the 1’, 2’ carbons of 
the phytyl side chain (6). After 6 hr, the animals were 
sacrificed and heart, skeletal muscle, liver, and kidney 
examined for H* and C" labels. In the heart, 23 of the 
labeled vitamin K, had lost the carbon labeled phytyl 
group, which was replaced by the geranylgerany! side 
chain giving Koy». Keo, was the major form 
found in muscle and kidney, while in liver most, if not 
all, of the label was present in unchanged K,. They 
observed that not only did the pigeon convert more Ky 
to Kop) than the chicken, but the rat produced little 
or no detectable Ko). In addition, they identified by 
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countercurrent techniques the labeled phytol split from 
the substrate (6). Neither these studies, nor those dealing 
with the role of vitamin K in oxidative phosphorylation, 
have been correlated with the primary function of this 
vitamin in stimulating the production of prothrombin. 
Further experimentation combining the approaches of 
Martius with others, such as those of Barnhart et al. (5) 
and Pool et al. (34), may be required to elucidate the 
metabolic role of vitamin K. 

One of the problems facing investigators of both in 
vivo and in vitro studies has been that of solubility of 
the vitamin in physiological fluids. Certain aspects have 
been emphasized by recent work in our department. 
Dr. Michael has synthesized vitamin K, labeled in the 
3’-methyl group with C™. Preliminary studies on its 
metabolism have resulted in several interesting observa- 
tions concerning its absorption (31). Administration of 
200-1000 wg. quantities intraperitoneally to rats in 
either dibutyl succinate or 5% Tween 80 permitted 
very slow absorption only, and 25-45% could be re- 
covered by washing the peritoneum 16-20 days later. 
Absorption from the bowel was simila:ly low, even if 
the vitamin were dissolved in rat bile before administra- 
tion. 

Thus, our studies emphasize the importance of study- 
ing vitamin K of very high specific activity to obviate 
problems in solubility and to give enough isotope for 
accurate detection without exceeding the nutritional 
requirements of the animal. The metabolites from any 
vitamin given in excess may not reflect truly the metabo- 
lism of the physiologically active portion. Since the rat 
grows well and has normal clotting on an intake of 2 
ug of vitamin K/day, the presumption can be made that 
this amount is adequate for both prothrombin synthesis 
and electron transport. Whether these functions are sub- 
served by the same molecules of the vitamin, and whether 
one pool is more labile than the other, have not been 
cleariy demonstrated. 

In summary, interest in the safety of irradiated foods 
has stimulated a great deal of activity which has resulted 
in many interesting observations. Serious doubt as to 
the primary absorption of vitamin K synthesized by the 
flora may be entertained. Some interrelationships be- 
tween the fat-soluble vitamins and other lipids have 
been pointed out, although the mechanisms deserve 
further scrutiny. The day is at hand when labeled vita- 
min K may be traced in physiological amounts through 
the organism and further light thrown upon its multiple 
roles. With the multifaceted techniques being brought to 
bear, as shown by the other participants of this Sym- 
posium, and the work of Martius and of others, many of 
the mysteries surrounding vitamin K will be speedily 
solved. 
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Vitamin K and other quinones as coenzymes 


in oxidative phosphorylation 


in bacterial systems: 


ARNOLD F. BRODIE? 
Department of Bacteriology and Immunology, Harvard Medical School, Boston, Massachusetts 


a QUINONES APPEAR TO PLAY a fundamental 
role in cellular metabolism. They are associated with the 
multienzyme complex of the respiratory chain and 
have been implicated as coenzymes in electron trans- 
port (6, 15, 18, 25, 34, 44, 45, 55, 62, 66) and in oxida- 
tive phosphorylation (9, 10, 37, 48). These lipid-soluble 
cofactors of the respiratory complex, like the water- 
soluble coenzymes, participate directly in the catalytic 
mechanism by undergoing cyclic oxidation and reduc- 
tion (8, 34, 54-58). The unique chemical properties of 
the quinones have made it possible to dissociate them 
from the respiratory chain without disruption of the 
spatial orientation of enzymes and other coenzymes 
necessary for coupled activity. The quinone-reconsti- 
tuted preparations, in general, have some or most of the 
properties of the original systems. 

The quinone-depleted systems (Table 1) permit a 

oser examination of the role of these cofactors in cellu- 
ar metabolism. In animals, plants, and bacteria, the 
quinones are associated with the subcellular structures 
which carry out energy metabolism. Depletion of the 
natural compound from these structures and from whole 
cells (40) has been achieved by maintaining animals on 
a K-deficient diet (48), by extraction with lipid solvents 
(22, 36, 44, 50), or by selective destruction with light at 
360 my (1, 7, 9, 19, 29). Depletion of the bound quinone 
results in a loss of the ability to conduct electron trans- 
port and to generate ATP. Restoration of one or both 
of these activities can be accomplished by the addition 
of quinone; however, only with some systems is there a 
strict requirement for structural similarity between the 
added quinone and the natural compound. 

Reconstitution of both oxidation and phosphorylation 
with the bacterial systems studied (9, 10, 41) specifically 
requires the addition of the natural bacterial quinone 


1 This work was supported by research grant E-2674 from the 
National Institute of Allergy and Infectious Diseases, National 
Institutes of Health. 

“Senior Research Fellow, Public Health Service. 


or a closely related homologue. A requirement for the 
natural mammalian quinone, coenzyme Q)jo-ubiqui- 
none® (27, 32, 49, 53), for restoration of electron trans- 
port has been demonstrated with lipid-extracted mam- 
malian mitochondria (26, 32, 33); however, restoration 
of coupled activity with mitochondria from K-deficient 
animals (46, 48), or following irradiation with light at 
257 or 360 muy (1, 3, 29), requires the addition of vita- 
min Ky. Phosphorylation associated with the oxidation 
of substrate amounts of menadiol* has been observed 
with particles from Azobacter vinelandiu (59), and with 
untreated mammalian mitochondria (24, 25), indicating 
that the reduced naphthoquinone can serve as an elec- 
tron donor. The role of the naphthoquinones in mam- 
malian oxidation remains obscure, since this type of 
quinone cannot be detected in mitochondria. 

With chloroplasts, restoration of the Hill reaction (4) 
and of photophosphorylation (42), following petroleum 
ether or heptane extraction, has been demonstrated 
with the natural quinone (plastoquinone’®), vitamin K,, 
and menadione. Although certain unrelated quinones 
show some activity (2, 4) with extracted chloroplasts, 
maximal restoration occurs only with the natural com- 
pound. Photo-oxidation and reduction of the plasto- 
quinone has been demonstrated with chloroplasts (26), 
indicating a direct relationship to the photosynthetic 
process. 


SUBCELLULAR DISTRIBUTION OF QUINONES IN BACTERIA 


Naphthoquinones of the vitamin K; and Kg types, as 
well as benzoquinones, are widely distributed in micro- 


’The coenzyme Q-ubiquinone class of quinones are 2,3- 
dimethoxy-5-methylbenzoquinones which contain unsaturated 
isoprenoid side chains of varying length in the 6-position. The 
most common natural quinone in mammalian mitochondria con- 
tains a side chain consisting of 10 isoprenoid units. 

4 Menadiol (2-methyl-1 , 4-naphthohydroquinone). 

5The plastoquinones are 2,3-dimethyl substituted benzo- 
quinones with an unsaturated isoprenoid side chain in the 6-posi- 
tion. 











TABLE 1. Quinone-Depleted Systems 


Natural Quinone Means of Depletion 


Bacterial 
M. phlei | K,-like Light (360 mu) 
E. coli | Ko(C,;) Isooctane and _ Light 
| Os (360 my) 
Mammalian 
Mitochondria frag-| Qo Isooctane 
ments 
Mitochondria | Qu Diet 
K(?) 
Light (254 or 360 my) 
Plants 
Sugar beet | Plastoquinone | Petroleum ether 
(Qs) = 
Heptane 
Spinach leaves | K, None | 


TABLE 2. Subcellular Distribution of Natural 
Quinones in M. phlei and E. coli 


Microor. Concentration 
Micre Fraction Natural Quinone umoles/mg 


ganism Dry Wt. 
M. phlei | Particles K,-like 3.5 X 10° 
Supernatant frac-| K,-like 6.0 X 1074 
tion 

E. coli Large particles Benzoquinone 2-0 XK 10% 

(Qs) 
Small particles Ks (C,;) 1.4 X 1074 
Benzoquinone 2:7 K 10° 

(Qs) 

Supernatant None 


The cells were disrupted by sonic vibration for 4 min and 
the cell free extracts fractionated by the usual procedures 
(6, 42). The quinones were extracted with a mixture of iso- 
octane-isopropanol (3:1), purified on Permutit (11) and as- 
sayed spectrophotometrically and by colorimetric procedures. 


organisms. Certain bacteria (e.g., Escherichia coli and 
Azotobacter vinelandii) contain both benzo- and naphtho- 
quinones and are referred to as mixed quinone systems. 
The concentration of quinones in a given species can 
vary and depends upon the cultural conditions, phase of 
growth, and especially on aerobiosis (39, 41, 43). 
Anaerobic growth of a facultative anaerobe, such as 
E. coli, results in a reduction of the concentration of 
both the benzo- and naphthoquinone. The shift in 
quinone concentration with decreased oxygen tensions 
and failure to detect quinones in strict anaerobes sug- 
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Activity Lost on Depletion Restoration | References 
Electron transport and Coupled K, 7—10,. 16, 19 
phosphorylation 
Coupled phosphorylation Ko(C,;) | 39-41 
Electron transport Qu | 26, 27, 32, 
34 37> 51, 
52 
Coupled phosphorylation Ky 46-48 
Coupled phosphorylation Ky i, 3,20 
Hill reaction Plastoquinone 4 
ees ————— = (Qs) lee — 
Photophosphorylation 42 
Photophosphorylation Menadione and 2 
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gests an association of these compounds with oxidative 
metabolism. 

The subcellular distribution of quinones has been 
examined in two different microorganisms: Mycobac- 
terium phlei, a strict aerobe containing a naphthoquinone 
similar to vitamin K, (7, 12, 38); and E. coli, which 
contains a benzoquinone (C49) and a vitamin K.- 
naphthoquinone (C45). The distribution of these com- 
pounds in fractionated extracts is shown in Table 2. 
The quinones are localized in the subcellular particulate 
fraction, which is essential for oxidative phosphorylation. 
The particulate fractions from FE. coli have different pat- 
terns of quinone distribution and different oxidative 
abilities. The large particulate fraction appears to con- 
tain most of the succinoxidase activity, while the small 
particulate fraction contains the DPN-linked terminal 
respiratory enzymes (41). Although some quinone can 
be detected in the supernatant fraction, the amount 
varies and appears to depend upon the degree of dis- 
ruption of whole cells and upon fractionation procedures. 

The small particulate fraction from E. coli, as well as 
the particulate fraction from M. phlei, represents a 
highly organized structural unit which is biochemically 
analogous to mitochondria (17). This fraction from M. 
phlei contains dehydrogenases (17), bound DPN (17, 
63), flavins, the naphthoquinone (39), and cytochrome 
components ¢, b, and a (17). The molar ratio of naphtho- 
quinone to cytochrome b is about 12:1 and the concen- 
sration with respect to the other electron carriers is 
tufficient to account for a coenzymatic role in electron 
transport. The natural naphthoquinone undergoes cyclic 
oxidation and reduction and appears to lie on a main 
pathway of electron transport, since following its de- 
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struction by irradiation it is required for reduction of the 
terminal respiratory pigments (19, 61). 


ROLE OF QUINONES IN RESPIRATORY 
CHAIN PHOSPHORYLATION 


Coupled phosphorylation with fractionated extracts 
of M. phlei requires the particulate fraction and soluble 
components found in the supernatant fraction (6, 15, 16). 
Evidence implicating the naphthoquinones in oxidative 
phosphorylation with bacterial systems was first obtained 
from an analysis of the role played by the fractionated 
soluble components and from the effects of uncoupling 
agents such as Dicumarol and lapachol (10, 14, 15). 

The supernatant fraction contains at least two active 
protein components; one is necessary for oxidation, and 
the other is required for phosphorylation (6, 15). At- 
tempts to resolve these two components have been un- 
successful; however, an association of menadione re- 
ductase with the supernatant components was observed 
following fractionation (6). Preparations capable of 
reconstituting coupled phosphorylation contain this ac- 
tivity. Experiments designed to shed some light on the 
role of the flavins in the coupled process also provided 
evidence for the participation of the naphthoquinones. 
Removal of the flavins from the supernatant fraction by 
treatment with acid ammonium sulfate resulted in the 
loss of ability by this fraction to restore activity to parti- 
cles, (Table 3). Partial restoration of oxidation alone 
was achieved by the addition of either flavin adenine 
dinucleotide (FAD), or riboflavin phosphate (FMN). 
Restoration of coupled phosphorylation occurred only 
with the addition of a mixture of FAD and vitamin K. 

The fractionated bacterial system has at least two 
demonstrable pathways of electron transport, which 
can be distinguished by their sensitivity to inhibitors 
and by their association with coupled phosphorylation. 
The nonphosphorylative pathway is FMN-linked, and 
is sensitive to low concentrations of parachloromercuri- 
benzoate (pCMB) and is insensitive to cyanide; whereas 
the FAD-vitamin K, pathway, which is associated with 


TABLE 3. Flavin and Quinone Requirement Following 
Fractionation of Supernatant Components 


Oxygen APi 
Systems Additions (watoms) (umoles) P/O 
P+ TS None 0.0 0.0 0.0 
P+ TS FAD 2.26 0.4 0.18 
P+ TS FMN 1.28 0.0 0.0 
P+ TS Vit K, 0.0 0.0 0.0 
P+ TS FAD + K, 2.40 1.6 0.67 
P+ TS FMN + K, 1.58 0.0 0.0 


The system consisted of 0.4 ml of particulate fraction (P) 
containing 22 mg of protein per ml, 0.3 ml of acid-ammonium 
sulfate fractionated supernatant material (TS) containing 
14.8 mg of protein per ml, 20 ymoles malate, 10 ymoles Pi, 
2.5 umoles ADP, 1 mg of yeast hexokinase, 20 ymoles glucose, 
15 ymoles MgCl, 25 umoles KF and H,O to a volume of 1.3 
ml. In addition the vessels indicated contained 100 yg FAD, 
500 ug FMN, and 6.7 wmoles of vitamin K; suspended directly 
in the treated supernatant fraction. Brodie (6). 
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TABLE 4. Effects of Light (360 mu) on Natural Naphtho- 
quinone and Oxidative Phosphorylation 





See \Oxidation, APi 
Treatment quinone, Additions P/O 
| wmoles/mg SRE ad on ae, ees 
protein uatoms | umoles 
None | 2 X 1073 | None 5.4 6.3 ey, 
} Vit. Ky 6.2 6.6 1.06 
Irradiation | None None 0.0 0.0 0.0 
~ | . 
(360 my) | Vit. Ky 5.2 5.3 0.98 
| M. phlei 3.4 2.5 0.74 
Naphtho- 
| quinone 
' 


The system consisted of 0.3 ml of irradiated M. phlei extract 
containing 24.8 mg protein per ml, 20 wmoles malate, 2.5 wmoles 
AMP, 20 umoles glucose, 1 mg of yeast hexokinase, 15 pmoles 
MgCl, 25 ymoles KF and HO to a volume of 1.3 ml. The ves- 
sels indicated contained 6 ymoles vitamin K, or 2.2 ymoles of the 
purified natural naphthoquinone isolated (12) from M. phlei. The 
reaction was carried out at 30° for 7 min. The naphthoquinone 
concentration before and after irradiation was determined spec- 
trophotometrically (11, 39). 


phosphorylation, as well as coupled activity with un- 
fractionated extracts, are both insensitive to low con- 
centrations of the SH-inhibitor and are sensitive to 
cyanide (9, 14). 

Further evidence for the participation of a naphtho- 
quinone in oxidative phosphorylation was obtained by 
taking advantage of the sensitivity of quinones to light 
(7, 9, 10, 19). This method provided a means of de- 
stroying the natural particle-bound naphthoquinone 
without dissociating the enzymes involved in oxidative 
phosphorylation. Treatment of the bacterial extracts 
with light at 360 mu, results in a destruction of the 
natural naphthoquinone and in a loss of the ability to 
conduct oxidative phosphorylation (Table 4). Complete 
restoration of both oxidation and phosphorylation re- 
quires the addition of the natural naphthoquinone from 
M. phlei or vitamin Ky. The kinetics of light inactivation 
(254 and 360 my) have been described in detail (7, 8, 
10). Following irradiation both oxidation and_phos- 
phorylation are dependent upon the concentration of 
vitamin K, (10). The coupled activity with the naphtho- 
quinone-restored system is similar to that observed with 
untreated preparations, since the activity is sensitive to 
DNP and cyanide and is insensitive to pCMB (9). 

Coupled phosphorylation with the K-reconstituted 
system occurs only with DPN-linked substrates. Suc- 
cinoxidase activity is destroyed following light-treatment. 
This activity is not restored by the addition of vitamin 
K,, coenzyme Q, or a-tocopherol. Thus the succinoxi- 
dase pathway in M. phlei contains another light-sensitive 
component which has not been identified. Although 
coupled phosphorylation with the irradiated bacterial 
and mammalian systems (1, 3, 29) requires vitamin K, 
for restoration, this reactivation appears to be different 
in the two systems. Reactivation by vitamin K, with 
the irradiated mammalian system occurs with both the 
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TABLE 5. Specificity of Reactived Light-Exposed System 
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succinoxidase and DPN-linked pathways and the rela- 
tionship of this naphthoquinone to the natural mam- 
malian quinone is obscure. 


SPECIFICITY OF REACTIVATION 


The light-treated bacterial system exhibits a specific 
dependence on vitamin K, or closely related homologues. 
The structurzi requirements for restoration of both oxi- 
dation and phosphorylation are listed in Table 5. Com- 
pounds which are active contain a methyl group in the 
C-2 position and an unsaturated side chain of at least 
5 carbon atoms in the C-3 position (7, 8, 10, 56). 

Restoration of coupled activity is also dependent upon 
the nature and length of the side chain (7, 10). The 
naphthoquinones of the vitamin K, series with a side 
chain of 5-30 carbon atoms are capable of restoring 
both activities, vitamin K,; (Coo) being the most active. 
Some activity was observed with the Cio and Cy; 
homologues of the vitamin Ky series; however, they 
were not as effective as vitamin K;. The other members 
of the Ko-series were completely inactive. The natural 
naphthoquinone from M. phle: was found to be the 
most active quinone tested. 

A number of K-like analogues with substitutions in 
the Cz or C; position are capable of restoring only oxida- 
tion (Table 5). These compounds can be subdivided 
into two groups: those which, like menadione, transfer 
electrons directly to oxygen and are sensitive to pCMB; 
and those, like lapachol and dihydrophytyl® vitamin K,, 
which transfer electrons by a pathway similar to that 
observed with vitamin K,. Analogues of the latter 

6 Dihydrophytyl vitamin K, (2-methyl-3-(2,3-dihydrophytyl)- 
1 ,4-napthoquinone). 
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group have been useful for demonstrating another phos- 
phorylative site which occurs before the naphthoquinone 
in the respiratory chain (8, 10). 

It is of in*erest to note that only naphthoquinones 
which can cx “lize and form a chroman ring are capable 
of restoring oxidative phosphorylation (8, 56, 58). 
Saturation of the phytyl side chain of vitamin K, has a 
marked influence on phosphorylation (Table 6). Sub- 
stitution of the saturated compound (dihydrophytyl 
vitamin K,) for vitamin K, results in the restoration of 
only oxidation. This compound also acts as an uncoup- 
ling agent when added to non-irradiated preparations. 
Dallam and Taylor (30) have also tested the ability of 
the dihydrophytyl derivative to restore activity to ir- 
radiated mitochondria, and found it completely inac- 
tive. It would appear from the results with the bacterial 
system that cyclization is necessary for restoration of 
phosphorylation. 


RELATIONSHIP OF NAPHTHOQUINONE TO PHOSPHORYLATION 


Restoration of phosphorylation by vitamin Ky, and 
the fact that certaii analogues lack this property while 
still able to function in the same electron transport 
pathway (Table 5), suggest the direct participation of 
vitamin K in phosphorylation. Additional evidence for a 
dual role for the naphthoquinone in oxidative phos- 
phorylation has been obtained by examining the effects 
of analogues on the K-reconstituted system. Uncoupling 
agents which are structurally similar to vitamin Kj, 
(Dicumarol and lapachol) were found to be competitive 
inhibitors of phosphorylation with respect to vitamin 
K, (Fig. 1). The importance of the methyl group in 


TABLE 6. Effects of Saturation of the Side Chain of 
Vitamin K, on Oxidative Phosphorylation 

























1@) 
CH H CH, 
cHe—¢—¢—CH +H 
2 27%, 
0 
2, 3-dihydrophytyl (Kj) 
System Additions Oxidation! A Pj P/ 
atoms’ y moles ° 
none 4.8 2) 0. 44 
P+S K, 5.08 | 2.4 |0.47 
2,5 -dihydrophytyl (K,) 4.38 oS 0. 11 
none 0.10 0.0 |0.0 
Irradiated 
yes " K, 3.84 | 26 |0.68 
2,3- dihydrophytyl (K;) 2.12 0-0 /|0.0 























The system was similar to that described in Table 4. In 
addition the vessels contained synthetic dihydrophyty! vitamin 
K, (6 umoles). 
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FIG. 1. Competitive inhibition by lapachol and Dicumarol of K-reconstituted phosphorylation. Brodie and Ballantine (10). 


the C-2 position of the naphthoquinone nucleus is 
evident from the fact that lapachol differs from the first 
of the K, homologues, which restores oxidative phos- 
phorylation, by the substitution of a hydroxy! group in 
that position. Uncoupling agents, which are not related 
to vitamin K, (DNP and thyroxine), were found to be 
noncompetitive inhibitors of phosphorylation with re- 
spect to vitamin K, (10). 

Chemical evidence for the formation of metaphos- 
phate and ADP from the oxidation of mono- and di- 
phosphate esters of menadiol has been obtained by 
Clark et al. (21, 22) and Wieland and Patterman (65). 
To test the hypothesis that the naphthoquinones are 
directly involved in the phosphorylative events, certain 
model phosphorylated compounds of menadiol were 
prepared and tested for their ability to form ATP with 
the bacterial system (11). Oxidation of monoethy] 
menadiol monophosphate by the bacterial system re- 
quires a preincubation period, followed by the addition 
of phenazine methosulfate (Fig. 2). Maximal oxidation 
was observed when the reaction mixture included a 
phosphate acceptor system. The addition of Zwischen- 
ferment and TPN, following removal of the model com- 
pound, resulted in an increased oxidation with the 
complete system, which contained the phosphate ac- 
ceptor system (hexokinase, ADP, and glucose). The 
additional oxidation which resulted from glucose-6- 
phosphate formed during the initial reaction was taken 
as an index of ATP formation. ATP formed from the 
oxidation of the model compound was also identified 
chromatographically and spectrophotometrically. The 
formation of ATP was found to be dependent upon the 
concentration of the model compound and was inhibited 
by DNP (11). 

The chemical and biological experiments with model 
compounds suggest a means by which ATP can be 
formed from the oxidation of a naphthohydroquinone. 
However, it should be emphasized that neither the 
model compounds nor menadione can restore oxidative 
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FIG. 2. Formation of G-6-P from menadiol phosphate oxidation. 
The complete system (7) consisted of 0.3 ml of M. phlei particles 
(20 mg protein per ml), 0.6 ml of the supernatant fraction (33 
mg protein per ml), 10 umoles of monoethoxymenadiol monophos- 
phate, 2.5 wmoles ADP, 20 umoles glucose and 1 mg of yeast 
hexokinase. Reaction 2 lacked the phosphate acceptor system and 
reaction 3 lacked the model compound. After incubation for 5 min 
the reaction was started by the addition of phenazine methosulfate 
(200 wg). The reaction was stopped by precipitation of the model 
compound with excess Mg**, the precipitate removed, and the 
oxidation of G-6-P initiated by the addition of Zwischenferment 
and 100 yg of TPN to the systems. 


phosphorylation with the light-treated system. These 
compounds are useful, nevertheless, for studying the 
physical and chemical properties of possible quinol in- 
termediates. 


INTERMEDIATES FORMED DURING ENZYMATIC 
REDUCTION OF VITAMIN Kj 


The naphthohydroquinones are extremely unstable 
in air and must be trapped for analysis. These com- 
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pounds can be stabilized by substitution of the quinol 
hydrogens with a variety of chemical groups (acetate, 
benzoate, or phosphate). Analysis of various synthetic 
quinol derivatives (8, 18) revealed differences in the 
UV and fluorescence spectra between the dihydro- 
derivatives, and between the oxidized and reduced 
compounds, which could be used for identification. The 
dihydro-substituted quinols (phosphate and_ acetate) 
have a maximum absorption peak at 232 mu, but can 
be differentiated by their characteristic absorption in 
the higher wave lengths (290-340 my). The alkoxy 
derivatives of menadiol, naphthochroman (naphtho- 
tocopherol), and dihydro vitamin K,; have a maximum 
absorption peak at 245 my. Although the two com- 
pounds of particular interest, the chroman and dihydro- 
derivative of vitamin K,, have similar absorption 
characteristics, they can be differentiated, following 
acetylation, by the difference in the absorption and 
fluorescence spectra of their acetyl derivatives, and by 
the Furter-Meyer reaction (31) (Table 7). 

The M. phlei system, which can be made dependent 
upon vitamin K, for restoration of oxidative phosphoryla- 
tion, has been used to investigate the intermediates 
formed during reduction of vitamin K,, thus providing 
a means of studying the relationship between the inter- 
mediates formed and the coupled process. Two reduced 
naphthoquinone intermediates were found to accumu- 
late when extracts capable of oxidative phosphorylation 


were incubated anaerobically with substrate amounts of 


vitamin I.; and either DPNH or malate as electron 
donors (58). The reduced intermediates were trapped 
by acetylation and purified on Permutit. The acetyl 
derivatives were identified by chromatographic and 
spectrophotometric procedures. One compound was 
found to be identical to synthetic vitamin K, diacetate 
(max. 232 my, with minor peaks at 270, 278, 288 and 
320 my) (Fig. 3B). The other acetylated derivative, 
which was formed enzymatically, was similar to syn- 
thetic monoacetate of the naphthochroman of vitamin 
K, (max. 245 mu with minor peaks at 295, 301-308, 
314, 322 and 328 mu), (Fig. 3A). The enzymatically 
formed compound differs by the absence of the minor 
peaks at 314 and 328 my and by the presence of an 
additional peak at 338 my, (Fig. 3A’). The acetylated 
naphthochroman-like compound from the reaction 


TABLE 7. Differences Between the Naphthochroman 
and Dihydronaphthoquinone 


Naphthochroman, Naphthohydro 


my quinone, mu 

Absorption max. (isooctane) 

unacetylated 245 245* 

acetylated 245 232 
Activation (max.) acetylated 340 325 
Fluorescence (max.) acety- 

lated 400 (7307) 670 
Furter Meyer test for cycliza- 

tion Positive Negative 


* Unstable. + Minor fluorescence peak. 
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mixture’ gave a positive Furter-Meyer test providing 
further evidence for cyclization. 

Direct extraction with ether, in the absence of an 
agent to stabilize the reduced compounds which ac- 
cumulate, results in the spontaneous oxidation of the 
dihydronaphthoquinone and provides a means of 
measuring the naphthoquinone-chromanol forming re- 
action (57). The results of direct ether extraction are 
shown in (Fig. 4). The spectrum obtained following ex- 
traction (0-time) is consistent with that of a mixture of 
synthetic naphthochroman and vitamin K,. On stand- 
ing, the spectrum of the ether extract was found to 
change gradually to one essentially identical with that 
of vitamin Kk. The rates of autooxidation of the chroman 
and formation of vitamin K, are shown in the upper half 
of Fig. 4. A difference spectrum, obtained by measuring 
the ether extract against a blank containing an equal 
concentration of vitamin Ky, was similar to that of syn- 
thetic naphthochroman. Since residual dihydroquinone 
can contribute to the 245 mu absorption, an aliquot of the 
ether-extractable material was acetylated and the acetyl 
derivates examined. The ether-extractable material from 
the reaction mixture yielded only the naphthochroman. 

The rate of formation of the chroman was found to 
be a function of the enzyme concentration, length of 
incubation, concentrations of vitamin K, and the elec- 
tron donor, and of anaerobiosis (57). Although the 
formation of this compound was not dependent upon the 
presence of inorganic phosphate, more of the chroman 
was formed when phosphate was present. This compound 
was not formed with preparations which had lost the 
ability to couple phosphorylation to oxidation (57, 58). 

Further evidence indicating a relationship between 
the naphthochroman and oxidative phosphorylation 
was obtained with the fractionated mycobacterial sys | 
tem. Since oxidative phosphorylation with the frac- 
tionated system is dependent upon both the particulate 
and supernatant fractions, these two fractions were 
tested for their ability to form the chroman. The par- 
ticulate fraction alone cannot form this compound; 
however, small amounts are formed by the supernatant 
fraction. Maximal formation of this compound, like the 
coupled activity, requires the participation of both 
fractions (57, 58). Chroman formation is inhibited by 
Dicumaro! (10~° M), whereas DNP has little or no ef- 
fect on chroman formation and causes an increase in 
the amount of dihydroquinone formed. 

The specificity for restoration of oxidative phosphoryl 
ation, with respect to the 2,3-position of the naphtho- 
quinone nucleus, has a direct relationship to the struc- 
tural requirements for chroman formation. All of the 
naphthoquinones which are active in restoring both 

7 Further evidence for the chroman structure of the enzymati- 
cally formed compound has been recently obtained by comparison 
of the nuclear magnetic resonance spectra of the synthetic and 
enzymatically formed compound by Folkers and Trenner of 
Merck, Sharp and Dohme. The enzymatically formed compound 
differed from the synthetic chroman of vitamin K, by the absence 
of one of the methyl groups; this may account for the minor differ- 
ences in the ultraviolet absorption spectra. 
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FIG. 3. Trapped acetylated derivatives formed from vitamin K, 
in anaerobic reaction. The system consisted of 8-10 ml of crude 
M. phlei extract (30 mg protein per ml), 200 umoles of malate, 
100 umoles of vitamin K,, 100 wmoles Pi, 50 umoles MgCl», 50 
pmoles KF. The reaction was carried out at room temperature 
under strictly anaerobic conditions for 2 hr and then the water 


oxidation and phosphorylation are structurally capable 
of forming the 6-chroman ring (Table 8). Examination 
of the structure of analogues with substitutions in the 
2,3-position, which are only capable of restoring oxida- 
tion, revealed that, with the exception of lapachol, all of 
the remaining analogues tested are unable to cyclize. 
Lapachol is theoretically capable of forming an a- or 
8-chroman. The analogues were also tested with the 
anaerobic system and the reduced derivatives isolated 
and analyzed (Table 8). Chroman formation did not 
occur with the analogues (56), which only restore oxida- 
tion to the light-treated system. 

Phosphate appears to be associated with the fraction 
containing the naphthochroman® (8, 18, 56, 58). The 


§ Further evidence for the existence of the chroman phosphate 
has been obtained following bromine oxidation of the isolated 
intermediate in acetic acid by the method of Clark et al. (21). 
Oxidation of quinol phosphates by this procedure results in the 
formation of acetyl phosphate, which can be trapped and de- 
tected as the hydroxamate. Acetyl phosphate (identified chro- 
matographically as the hydroxamate), is formed by bromine 
oxidation in acetic acid of the enzymatically formed intermediate. 


removed by lyophilization. The dried material was acetylated, 
extracted with ether and fractionated on Permutit. 

FIG. 4. Spectrum of ether extract of the anaerobic reaction 
mixture. The conditions were similar to those in Fig. 3. Following 
the removal of water, the dried material from the reaction mixture 
was directly extracted with ether. 


ease of auto-oxidation of this lipid-soluble compound has 
afforded a means of determining whether it contained 
organically bound phosphate, since phosphate liberated 
during oxidation could be detected in the water phase. 
The rate of phosphate release into the aqueous phase was 
found to be equivalent to the rate of formation of vitamin 
K, from the chroman (58). Acceleration of the rate of 
destruction of the chroman by exposure to light at 
360 my resulted in an acceleration of the rate of phos- 
phate release. Phosphate was detected following cycli- 
zation with the natural M. phlet compound, vitamin K, 
(C5) (2-methyl-3-(3-methyl-2-butenyl)-1 , 4-naphthoqui- 
none) and with vitamin K, (Table 9). The amount of 
phosphate associated with the intermediate formed from 
vitamin K, (C5) was less than that associated with Ky 
(C2). This homologue is also less effective than vitamin 
K, (C20) in restoring oxidative phosphorylation. Phos- 
phate was not detected with the hydroquinones formed 
from lapachol, menadione, or dihydrophytyl vitamin Ki. 
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ENZYMATIC OXIDATION OF NAPHTHOCHROMAN 


It was of interest to determine whether the enzymati- 
cally formed chroman could serve as an electron donor 
and generate ATP. The isolated intermediate formed 
from vitamin k; anaerobically was placed in the dry state 
in the main compartment of a Warburg vessel and fresh 
enzyme and ADP were added from the side arm (58). The 
intermediate served as an electron donor, and ATP was 
formed (Table 10). DNP (10~*m) inhibited the forma- 
tion of ATP but did not affect oxidation. Under anaero- 
bic conditions, ATP was not formed, suggesting that 
oxidation is necessary for ATP formation. Dallam (28) 
has recently presented a scheme suggesting that phos- 
phate transfer can occur in the absence of oxidation. 
Experiments designed to answer this question have 
shown that the reduced chroman intermediate must 
undergo oxidation before transfer of phosphate to ADP 
can occur. The chroman was allowed to form and ac- 
cumulate in the usual manner; ADP, hexokinase and 
glucose were added to the anaerobic mixture for the last 


10 min and the fate of the intermediate followed. 


TABLE 8. Correlation Between Chroman Formation from 
Various Quinones and Reconstitution 
of Oxidative Phosphorylation 


Ability to 
Reconstitute 


Compound ea Intermediate Isolated 
Oxida- | Phos- 
tion | Phory- 
lation | 
Vitamin K,;(Czx) + + B-Naphthochromanol 
Natural M. phlei Naph- + + B-Naphthochromanol 
thoquinone 
Vitamin K,(C;)* + + 8-Naphthochromanol 
Menadione Bi < Naphthohydro- 
quinone 
Lapachol = i = Naphthohydro- 
quinone 
Dihydrophytyl Vitamin + =~ Naphthohydro- 


K, quinone 
Vitamin K,(C,;) _ _ Nonet 
Benzoquinone (Qi) _ - Nonef 

*Vitamin K,(C;), 2-methyl-3-(3-methyl-2-butenyl)-1 ,4- 
naphthoquinone. 7 Compound is not reduced by the M. 
phlei system. 


TABLE 9. Jnorganic Phosphate Appearance During 
Chroman Oxidation 


APi Liberated 


Compound AK (umoles) (umoles) APi/chroman 
Vitamin K,(C;) 3.2 0.48 0.15 
Vitamin K,(Cy) 2.5 2.1 0.85 
M. phlei naphthoquinone 2.6 2.4 0.92 
Vitamin K,(C;;) 0.0 0.0 ~ = 


The chromans formed enzymatically from the various 


quinones indicated were extracted with ether and immediately 
centrifuged. Water was added to the ether extract, the mixture 
shaken, and an aliquot of the water removed for phosphate 
analysis at o time and following the complete autooxidation 
of the chroman to the naphthoquinone (AK). 
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TABLE 10. Distribution of P® Following Enzymatic 
Oxidation of Isolated Intermediate 








| - 5 | ais 
a : : ae | P% Distribution, cpm/ymole 
Conditions Following | Oxidation, 





Isolation pvatoms = ’ 1 
ATP ADP | AMP 
Aerobic 2.6 292 28 |} 28 
Aerobic + DNP 1.6 0.0 2.8 2.5 
Anaerobic 0.0 0.8 0.0 


Conditions for formation of the chroman were similar to 
those described in Fig. 3 except that Pi® (1118 cpm/ymole 
Pi) was added to the anaerobic reaction mixture. The inter- 
mediate formed was extracted with ether, immediately placed 
in Warburg vessels, and the ether removed by evaporated 
in vacuo. Following equilibration the contents of the side arm 
(0.5 ml of M. phlei extract (46.6 mg protein per ml), 5 umoles 
ADP, 15 umoles MgCl,, and 25 wmoles KF) were added and 
the reaction carried out for 25 min at 30°. The reactions were 
terminated by the addition of TCA and the adenosine nucleo- 
tides purified by adsorption onto and elution from norit and 
separated as AMP, ADP and ATP on Dowex 1-chloride. 


Although the chroman intermediate was formed before 
the addition of the acceptor system, this addition did not 
result in the disappearance of the chroman, or alter the 
amount of phosphate associated with the isolated inter- 
mediate. Experiments with model compounds (11, 
21-23) also indicate that oxidation is necessary for ATP 
formation. 

Since ATP is formed during the enzymatic oxidation 
of the reduced intermediate, it is essential to determine 
whether phosphorylation occurs at the quinol level of 
oxidation or at another site higher in the terminal 
respiratory pathway. The incorporation and distribution 
of P® following the enzymatic oxidation of the isolated 
intermediate (formed in the presence of P*-labeled in- 
organic phosphate), should provide evidence for the 
direct participation of the chromanol phosphate. An 
analysis of the adenine nucleotides (Table 10), revealed 
that the label was almost exclusively in the ATP; how- 
ever, the specific activity of P® incorporated into ATP 
(2-24%) during oxidation was lower than expected for 
a direct transfer of phosphate from a phosphorylated 
intermediate (18, 55, 58). Nevertheless, it seems unlikely 
that the phosphorylation is associated with oxidation at 
a higher level (the cytochromes), since phosphorylation 
at this level is lost during fractionation of the M. phlei 
extracts (6). 


DISCUSSION 


A number of mechanisms have been proposed for the 
formation of ATP from a phosphorylated quinol during 
oxidative phosphorylation. These schemes are based on 
possible chemical reactions or on experiments with model 
compounds (10, 11, 21-23). Three general types of re- 
actions have been proposed and are shown in Fig. 5. 

The first reaction shown was proposed by Wessels (64) 
and has been modified by Harrison (35), Clark et al. 
(22), Wieland and Patterman (65), and Brodie and 
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FIG. 5. Reactions proposed for formation of ATP from the 
oxidation of quinol phosphates. 


Ballantine (10). Activation of the quinol phosphate in 









reaction 1 is accomplished by the removal of 2 electrons. 
The energy-rich er>! phosphate ester formed during 
oxidation can react with ADP to form ATP. Experiments 
with model compounds indicate that this type of reaction 
is chemically and enzymatically feasible; however, the 
proposed schemes start at the quinol phosphate level and 
do not suggest a mechanism for its formation. 
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Reactions 2 and 3 involve cyclization between the 
carbonyl group of the naphthoquinone and the y-posi- 
tion of the side chain. In scheme 2, proposed by 
Chmielewska (20), phosphate addition occurs following 
a charge separation at the 1-carbonyl position. Reduc- 
tion results in the formation of chromanol phosphate, 
which must be oxidized as in scheme 1 before transfer of 
phosphate to ADP can occur. Scheme 3 has been pro- 
posed by Slater (60), Boyer (5), Clark and Todd (23), 
and, recently, by Dallam (28). In this scheme, the 
chroman formed during reduction is oxidized to yield a 
positively charged carbonyl group which in the presence 
of nucleophilic phosphate dianion, forms the chroman 
phosphate. This scheme differs from reaction 2 in that 
oxidation «f the quinol phosphate is not necessary for 
ATP formation. 

From the available biological evidence it is difficult to 
draw any conclusions regarding the mechanisms pro- 
posed, since little is known about the biological forma- 
tion of quinol phosphate or the site on the quinone of 
phosphate addition. However, it is possible to make some 
generalizations. The quinones appear to act as “‘trans- 
formers,’ shuttling electrons between two coenzymes 
(DPN and the cytochromes) of the respiratory chain. 
Studies with analogues and dihydrophytyl vitamin Ki 
suggest the direct participation of the quinone in the 
phosphorylative events, and indicate that cyclization to 
the chroman structure is necessary for participation of 
the naphthoquinone in phosphorylation. The enzymatic 
formation of a chroman intermediate from vitamin K, 
(a necessary component for restoration of phosphoryla- 
tion with this system), and the parallelism between the 
conditions necessary for chroman formation and oxida- 
tive phosphorylation, further support this view. The data 
presented support a role for the chroman in electron 
transport; however, further evidence is necessary to es- 
tablish the chroman phosphate as an intermediate in 
oxidative phosphorylation. Although the naphthoqui- 
none-chromanol reaction has been studied only in bac- 
terial systems, it is likely that a similar cyclic process of 
oxidation-reduction involving quinones occurs in animal 
and plant tissues. 


The contributions of Dr. Percy J. Russell Jr., Miss Jane Bal- 
lantine, and Mrs. Eva Kashket are gratefully acknowledged. 
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Role of vitamin K in electron transport’ 


WALTER D. WOSILAIT 
Department of Pharmacology, New York State University, Downstate Medical Center, Brooklyn, New York 


Ix PREVIOUS STUDIES (26) of biochemical reactions in- 
volving quinones, an enzyme was found which catalyzed 
the reduction of menadione (2-methyl-1 ,4-naphtho- 
quinone) by the reduced pyridine nucleotides. This 
activity was tentatively designated pyridine nucleotide- 
menadione reductase, and was found to be widely dis- 
tributed in bacteria, higher plants, and various mam- 
malian tissues. Since menadione had not been reported 
to be present in tissues, it seemed possible that it might 
be serving as an analogue for the widely distributed 
vitamin K,? which also possesses the naphthoquinone 
nucleus. In view of the fact that vitamin K is found in 
organisms such as plants and bacteria, which do not 
possess clotting systems, as well as in mammalian tissues 
such as heart and kidney, which presumably are not in- 
volved in the synthesis of clotting factors, the question 
arose as to the role of vitamin K in these organisms and 
tissues. 

The ease with which the quinones undergo oxidation 
and reduction, suggested the possibility that vitamin K 
might be involved in electron transport, aud this possi- 
bility was supported by the finding of the above noted 
enzyme capable of reducing the naphthoquinone nu- 
cleus. In addition, phosphorylated derivatives of re- 
duced menadione had been in clinical use, and it seemed 
possible that the enzymatically reduced product might 
also undergo phosphorylation and, thus, participate in 
oxidative phosphorylation. 

In the early studies (26), vitamin K, had been tested 
as an electron acceptor in the form of an emulsion be- 
cause of its insolubility in water. In this form, it did not 
appear to serve as an electron acceptor in place of 
menadione, but it was not certain that such emulsions 
were suitable for enzyme studies. In recent studies (22), 
various ‘‘solubilized” preparations of vitamin K, were 
tested with a menadione reductase purified from dog 
liver on the assumption that the naphthoquinone nucleus 
was the functional moiety in oxidation and reduction 
reactions, and it seemed possible that menadione reduc- 


1 These studies were supported in part by grant H-3055 from 
the Public Health Service. 

? The term “vitamin K” used in this paper refers to a group of 
methyl-naphthoquinones which are necessary for the formation of 
clotting factors of higher animals in accord with the definition of 
Dam and Sgndergaard (5), while “vitamin K ,” refers to 2-methy]- 
3-phytyl-1 , 4-naphthoquinone. 
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tase might also include vitamin K within its specificity. 
A procedure was finally developed with the use of 
BRIJ-35 (polyoxyethylene lauryl alcohol), which solu- 
bilized vitamin K, so that it substituted for menadione 
in the assay system. To date, these two activities have not 
been separated. Since vitamin K, is probably closer in 
structure to the natural electron acceptor than mena- 
dione, this activity will be referred to as vitamin K, 
reductase. The activity of the enzyme in homogenates 
was great enough so that it seemed possible it might play 
a role in respiration. In view of the fact that the enzyme 
was inhibited by various anticoagulants, the effect of the 
anticoagulants on the respiration of rat liver slices was 
also studied. These agents were found to depress respira- 
tion (23), and the relative order of potency on the slices 
was similar to the inhibitory effects on vitamin K, 
reductase. 

In considering the fate of reduced vitamin K,, one 
possibility considered was that it might, in turn, reduce 
a cytochrome such as cytochrome c. In an investigation 
of various cell fractions of rat liver, the mitochondrial 
fraction was found to catalyze the reduction of cyto- 
chrome c by reduced vitamin K, (25), thus regenerating 
the oxidized form of the vitamin. This report will be con- 
cerned with the reduction of vitamin K, by the reduced 
pyridine nucleotides, the subsequent reduction of cyto- 
chrome ¢ by reduced vitamin Ky, and the possible par- 
ticipation of these systems in electron transport and 
respiration. 


SOLUBILIZATION OF VITAMIN Ky 

Vitamin K, is insoluble in aqueous media; and there- 
fore, it could not be tested directly as a possible electron 
acceptor. In view of this, various approaches were tried 
to solubilize it, so that it could be tested in place of 
menadione, with a menadione reductase obtained from 
dog liver. Among the procedures tried were ultra sonic 
oscillation, binding to proteins, and solubilization with 
various detergents. Although a number of these prepara- 
tions were visually clear, they did not substitute for 
menadione in the assay system; and as a result clarity 
was not a suitable criteria in itself. However, with the 
use of BRIJ-35, clear preparations were obtained, which 
substituted for menadione with the purified enzyme. 
These preparations will be referred to as solubilized 
vitamin K. 
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Since vitamin K ; is destroyed by various types of treat- 
ment, the solubilized preparations were analyzed for 
possible decomposition resulting from the treatment. 
The following points indicated that vitamin K, had not 


been decomposed to an appreciable extent as a result of 


the treatment used to solubilize it, and such preparations 
appeared to be suitable for the present enzyme studies. 
The spectrum of the solubilized vitamin in the oxidized 
and chemically or enzymatically reduced form, was es- 
sentially the same as that of vitamin K, dissolved in 95 % 
ethanol. These samples also provided the characteristic 
cobalt blue color of vitamin K, in the chemical determi- 
nation described by Irrevere (11). Finally, the solubilized 
vitamin migrated in the same fashion as reference sam- 
ples of vitamin K,; when chromatographed. On the other 
hand, samples of the solubilized vitamin, which had been 
exposed to ultraviolet light, exhibited an altered spec- 
trum, and also manifested an atypical color in the 
chemical determination. 

Since the procedure used is not one conmonly em- 
ployed with substrates for enzyme studies, it was of 
interest to obtain some information concerning the means 
of solubilization. Detergents lower the surface tension of 
water, and this aspect was studied, but the amount of 
detergent required to solubilize the vitamin was several 
times that required to lower the surface tension to a low 
value, which suggested that this method was not the ex- 
planation. It was noted that 3.6% solutions of BRIJ-35 
could solubilize limited amounts of the vitamin. The 
average molecular weight of BRIJ-35 was reported to be 
about 1215, while the micelle weight was about 48,800. 
A stoichiometric analysis of the amount of vitamin K, 
solubilized by the amount of detergent used, showed 
about a 1:1 relationship between the amount of vitamin 
solubilized and the micelle. Dialyzed samples of the solu- 
bilized vitamin showed a characteristic increase in vol- 
ume without loss of the vitamin, which would support 
the view that it was in a micelle. Apparently the micelle 
was relatively stable, but evidently not completely so, 
since the solubilized vitamin still chromatographed the 
same as reference samples of vitamin K,. Admittedly 
such a micelle is artificial, but it still may resemble that 
found in biological systems. Vitamin K was reported to 
be associated with the mitochondria (8), which have a 
high lipid content, and this would be a favorable site for 
the lipophilic side chains of vitamin K. 


VITAMIN Kj REDUCTASE 


Although the enzyme has not been purified to a homo- 
geneous state, so that definitive specificity studies could 
be carried out, the following information is available 
(22). Reduced di- and triphosphopyridine nucleotide 
served as electron donors in this reaction and were oxi- 
dized to DPN and TPN, respectively. The ratio of ac- 
tivity with these two substrates did not change appreci- 
ably over a 300-fold purification, or after attempted 
differential inactivation by changes in pH, by heat, or 
combinations of these. Benzoquinone, coenzyme Qo 
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(Ubiquinone), coenzyme Qs, menadione, and vitamin 
K, served as electron acceptors, again with rather con- 
stant ratios of activity in the various fractions obtained, 
Samples of the enzyme tested from the early steps of 
purification did not exhibit a requirement for flavin in 
the assay system, but after chromatography on DEAE 
cellulose, such a requirement was exhibited, presumably 
as a result of the dissociation of a bound cofactor. The 
affinity of the enzyme for flavin adenine dinucleotide 
was about tenfold greater than for FMN. From dialysis 
studies FMN was found to be more readily dissociable 
from the enzyme than FAD. For example, samples of the 
purified enzyme were exposec to FAD or FMN and then 
dialyzed for up to 3 weeks. The samples which had been 
exposed to FMN showed a requirement for flavin in the 
assay system, but the FAD treated samples did not. 

Reduced vitamin K, is rather readily oxidized, there- 
fore, information concerning the enzymatically reduced 
product was carried by spectrophotometric procedures, 
rather than by isolation and characterization. To prevent 
oxidation of reduced vitamin Ky, it was necessary to 
carry out certain experiments under anaerobic condi- 
tions, and when DPNH was in stoichiometric excess of 
vitamin K, the amount of DPNH oxidized was equiva- 
lent to the amount of vitamin K, present. Thus, there 
was a 1:1 relationship between the amount of DPNH 
oxidized and the amount of vitamin K, present. In view 
of the stoichiometry, and the fact that benzoquinone was 
reduced to hydroquinone, it would seem likely that the 
naphthoquinones which serve as substrates are reduced 
to the corresponding naphthohydroquinones. 

The spectrum of the oxidized and enzymatically re- 
duced form of vitamin K, is presented in Fig. 1. This 
experiment was carried out under aerobic conditions, 
and the amount of DPNH and enzyme used was in ex- 
cess, so that the vitamin was kept in the reduced form 
for the spectral analysis. The decrease in the 340 mp 
region is mainly due to DPNH oxidation. Vitamin K; 
contributes to a certain extent in this region, causing an 
apparent shift in the peak absorption. The major changes 
which can be used to follow the reduction of vitamin K; 
are the decrease in absorption in the 270 my region and 
the increase in the 245 mu region. Since menadione also 
served as an electron acceptor, it would appear that the 
phytyl group at the 3-position of vitamin K, is not neces- 
sarily directly involved. However, in the case of vitamin 
K, it is possible that there may be a subsequent conver- 
sion to a naphthotecopherol-like substance which involves 
the side chain (18). 

In intracellular distribution studies, vitamin K, re- 
ductase was found mainly in the soluble fraction (Table 
1). Since vitamin K is associated with the mitochondria, 
it might be expected that vitamin K, reductase would 
also be associated with the mitochondria, but this was 
not the case. The possibility that the activity was dissoci- 
ated during the isolation procedure cannot be excluded. 
However, it might be involved in the oxidation of extra- 
mitochondrial pyridine nucleotides. Recently, Conover 
and Ernster reported the coupling of TPNH oxidation 
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Fic. 1. Absorption spectra of oxidized and enzymatically re- 


duced vitamin K;. Samples of the reaction mixture containing 
phosphate buffer of pH 7.4, FAD, DPNH, and vitamin K, were 
transferred to citrate-versene buffer of pH 6.2 for examination in 
a Spectronic 505 recording spectrophotometer. The spectrum of 
the oxidized form was determined prior to enzyme addition while 
the spectrum of the reduced form was obtained 10 min after 


with the mitochondria (4) by means of a soluble Di- 
cumarol sensitive enzyme (6), but in these experiments 
menadione was used as an electron carrier. 

Since benzoquinone served as an electron acceptor, it 
was of interest to test coenzyme Qo, a naturally occur- 
ring tetrasubstituted benzoquinone, as a possible electron 
acceptor. Coenzyme Q 19 is insoluble in water, however, 
using an adaptation of the procedure used to solubilize 
vitamin K 1, and preparations were obtained which were 
suitable for study. The spectral changes occurring during 
the reduction of coenzyme Qo are shown in Fig. 2. The 
decrease in absorption at 275 my is mainly due to the 
reduction of coenzyme Q 10, while the decrease at 340 my 
is mainly due to the oxidation of DPNH. Similar spectral 
changes were observed when coenzyme Qs, was used. 
When DPNH was in excess, there was a 1:1 stoichio- 
metric relationship between the amount of DPNH oxi- 
dized and the amount of coenzyme Qo present. The 
reduction of coenzyme Qo by the purified enzyme was 
stimulated in a similar fashion by flavins as the reduction 
of vitamin Ky, and also was inhibited by the anticoagu- 
lants (24). To date, there has been no separation of this 
activity from vitamin K, reductase. In view of these 
results, it is possible that a benzoquinone derivative such 
as coenzyme Q, or a naphthoquinone derivative such as 
vitamin K or an as yet unidentified substance may be 
the natural electron acceptor. 

In view of the antagonistic effects between Dicumarol 
and vitamin K in vivo, the effect of Dicumarol on vita- 
min K, reductase was studied, and it was found to be an 
inhibitory one. During purification, the sensitivity to 
Dicumarol was used to distinguish this activity from 
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enzyme addition at which time the reaction appeared to be com- 
plete. 

FiG. 2. Enzymatic reduction of coenzyme Qjo. The spectral 
changes occurring during the reduction of coenzyme Qio by 
DPNH in phosphate buffer at pH 7.4 were measured at the indi- 
cated times in minutes. 


TABLE 1. Intracellular Distribution of 
Enzymes in Rat Liver 
Vitamir KiHe Cyt. 
Vitamin Ki Reductase* c Reductaset 
pmole/min and g liver 


Cell Fraction 


Mitochondria 0.35 0.cQg 
Microsomes 0.09 oO 
Soluble 1.0 oO 


* Activity measured as,DPNH oxidized in the standard 
vitamin K, reductase assay. } Activity based on cytochrome 
¢ reduction. 


others, which also reduce menadione, but are not inhib- 
ited by Dicumarol. In view of the inhibition by Dicuma- 
rol, other anticoagulants were tested and found to inhibit 
the enzyme. The relative order of potency, based on the 
amount required for 50% inhibition, in decreasing order 
of potency, was as follows: bishydroxycoumarin 
(Dicumarol), phenindione, ethyl —biscoumacetate 
(Tromexan), cumachlor (Indalition), warfarin, aceno- 
coumarol (Sintrom), and salicylate. It may be noted that 
some of these agents, which are not members of the 
coumarin series but possess anticoagulant activity in vivo 
(e.g., phenindione and salicylate), also inhibited the 
enzyme. At least to this extent, there is a parallel be- 
tween effects on the blood clotting system and the puri- 
fied enzyme. 


LIVER SLICE STUDIES 


From the study of the inhibitory effects of Dicumarol 
on vitamin K, reductase, it was noted that the concen- 
tration required for inhibition was of a similar order of 
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TABLE 2. Effect of Anticoagulants on the Respiration 
of Rat Liver (23) 


Concentration, M 


Agent 

1075 5X10 10-4 5X104 10% 

% % % % % 
Dicumarol 112 46 49 33 
Tromexan 115 37 32 
Warfarin 96 80 78 
Cumachlor 80 53 26 
Sintrom 111 37 43 
Phenindione 125 2G 21 
Salicylate 89 84 


Respiration of the tissue samples was measured by standard 
manometric procedures. The values given, for the 30- to 60- 
min period, are expressed as per cent of respiration of control 
samples without anticoagulant. 


magnitude as the concentration of Dicumarol reported in 
the livers of treated animals. For example, Green et al. 
(g), reported about 18-56 wg of Dicumarol per gram of 
rat liver and 55-78 ug per gram of liver inc’ kens which 
had been treated with Dicumarol. Assumine uniform 
distribution, this corresponds to about 5 X 10-° M to 
2 X 10-4 M, which is somewhat above that required to 
inhibit vitamin K, reductase. In addition, the amount 
of vitamin K, reductase in a homogenate was great 
enough that it seemed possible the enzyme migat be in- 
volved in respiration (Table 1). For compar:son, rat 
liver slices were found to consume oxygen at about 
2~3 umoles/min and gram wet weight at 25°. li vicw of 
the inhibition of vitamin K, reductase by the anticoagu- 
lants, and the possibility that this enzyme mig: be in- 
volved in respiration, experiments were carrici out to 
determine the effect of these agents on the respiration of 
rat liver slices. Previously, Green et al. (7), reported that 
liver slices prepared from rats treated with cumachlor 
consumed oxygen at the same rate as control s!ices, but 
they did not report on studies in which tissue slices had 
been treated with anticoagulants in vitro. In the , resent 
studies, tissue samples were exposed in vitro t 
amounts of anticoagulants. 

Tissue samples were prepared with the use oi a tissue 
chopper (16). Although these samples are not “‘slices”’ in 
the usual sense, they will be referred to as such. A com- 
parison was made between the oxygen consumption of 
slices exposed to anticoagulant with control sliccs. After 
a period of exposure of the tissue to the drug, 2 depres- 
sion of respiration was observed with each drug tested. 
For purposes of comparison, the depression observed 
during the 30- to 60-min time period is presented in 
Table 2. It is quite likely that these drugs enter the tissue 
at different rates and may be metabolized at different 
rates, which would influence the time of onset and extent 
of the depression. Furthermore, the intracellular concen- 
tration of each drug has not yet been determined, and as 
it is the tissue concentration which is critical, therefore a 
direct comparison of their potencies with their Ki for 
vitamin K ; reductase cannot be made directly. However, 
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if it is assumed that the amounts present are of a similar 
order of magnitude, a qualitative comparison shows that 
an agent which was a potent inhibitor of vitamin K, 
reductase, such as Dicumarol, was also a potent depres- 
sant of respiration. Salicylate was the least potent and 
the others were intermediate in effect in both cases. 

A direct comparison of the in vitro effects with in vivo 
effects on the blood clotting system, again, would not be 
too meaningful because in vivo effects are further compli- 
cated by binding of the drug by blood proteins, metabo- 
lism, and excretion of the drug, all of which would affect 
the relative potencies. Since most of these agents also un- 
couple oxidative phosphorylation (15), the depressant 
effects cannot be attributed solely to inhibitory effects on 
vitamin K, reductase, and the possibility that some of 
the depression may be secondary to effects resulting from 
uncoupling must be considered. However, Green et al. 
(10), reported that the mitochondria optained from 
treated rats contained about 9-13 % of the Dicumarol in 
the homogenate, but the mitochondria were not un- 
coupled. They point out that these amounts may be low 
because some of the Dicumarol associated with the mito- 
chondria may have been dissociated and removed during 
isolation of the mitochondria, thus decreasing its concen- 
tration. 

In view of the fact that some blood proteins, e.g., 
albumin, bind Dicumarol (20), the possibility that tissue 
proteins might bind Dicumarol, causing a nonuniform 
distribution between the tissue and the media, was in- 
vestigated. Liver slices were incubated with Dicumarol 
for different time periods while oxygen consumption was 
measured, after which the slices and media were analyzed 
for Dicumarol. As shown in Table 3, the slices accumu- 
lated Dicumarol, so that ultimately there was a greater 
concentration in the slices than in the media (23). For 
example, after 75 min, when respiration was depressed 
about 50%, the slices contained a total of 0.027 mg of 
Dicumarol, while the medium, which on a volume basis 
was about ten times as great, contained 0.02 mg. The 
tissue suspension was estimated to contain about 0.3 g of 
tissue, and therefore, the amount present in the tissue 
was estimated to be about 0.090 mg/g, which is about 
two to five times the amount reported in the liver of 


Distribution of Dicumarol and Effect 
on Respiration (23) 


TABLE 3. 


Amount of Dicumarol 


Incubation -| Respiration 
ime 
In medium In slices Total 
min mg mg mg % of control 
3* 0.060 0.010 0.070 100 
| 
75 0.022 0.027 0.049 | 50 
or | j 
180 0,020 0.025 0.045 | 16 


Rat liver slices were incubated with and without 0.075 mg 
of Dicumarol in a final volume of 3.0 ml for the indicated periods 
of time. The tissue samples and media were analyzed for Di- 
cumarol by spectrophotometric procedures. * This was 
the approximate incubation time, representing the time from 
the initial mixing until the end of the first centrifugation. 
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treated rats by Green et al. (g), but in the range found 
in the liver of treated dogs by Weiner et al. (20). It 
should be pointed out that all of the Dicumarol measured 
in the slices does not necessarily represent intracellular 
Dicumarol or uniform distribution within the sample. 

The possibility that the cell fractions might bind 
Dicumarol to different degrees was also considered. In 
order to determine whether there was preferential bind- 
ing of Dicumarol by the mitochondrial, microsomal, or 
soluble fraction, each fraction was dialyzed separately 
versus Dicumarol, and each of these fractions bound 
Dicumarol to a marked extent. In view of this, experi- 
ments were designed in which Dicumarol was limiting 
and each cell fraction competed for the available 
Dicumarol, so that the situation was somewhat more 
comparable to that within the cell. In these experiments, 
each of the three cell fractions was dialyzed simultane- 
ously in the same vessel against a limiting amount of 
C-labeled Dicumarol. As shown in Table 4, each cell 
fraction bound Dicumarol, whether total counts or cpm 
per mg protein are considered (23). If no binding had 
occurred, the medium would have contained about 
150,000 cpm rather than 11,000 cpm. In view of these 
results, the anticoagulant action of Dicumarol might 
result either from its interaction with the microsomal 
fraction, causing a depression of the synthesis of certain 
proteins, or from its interaction with the mitochondria, 
thus producing a partial uncoupling with a resultant 
decrease in ATP levels. In the latter case, systems having 
the lowest affinity for ATP would be most adversely 
affected. Finally, the action of Dicumarol might result 
from its interaction with a soluble enzyme. If these find- 
ings can be extended validly to other tissue, then it seems 
possible that the action of some anticoagulants in pro- 
ducing uricosuric effects (17, 19), or depression of iodide 
uptake by the thyroid gland (21), might eventually be 
analyzed in terms of interaction with some of these sub- 
cellular components. 

The present evidence does not yet permit a conclusion 
to be drawn as to whether these diverse effects can be 


TABLE 4. Binding of C'*-Dicumarol by Rat 
Liver Cell Fractions (23) 


Sample Protein oo a a eS ee 
| Specific 
| Total activity 
} mg | cpm cpm/mg protein 
Dialyzing medium | | 10,800 
Mitochondria 66 | 92,150 1400 
Microsomes go | 132,700 1490 
Soluble fraction 75 104,600 1350 


3.0 ml portions of mitochondria, microsomes, and the soluble 
fraction of rat liver were dialyzed simultaneously against 9.0 
ml of 0.25 M sucrose containing 107? M EDTA, and C-labeled 
Dicumarol for 18 hr at 3°C. The dialyzing medium and each 
cell fraction was then analyzed for radioactivity. The samples 
containing protein were corrected for the amount of radio- 
activity not bound by protein. 
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explained in terms of a single site of action or in terms of 
more than one site. In other dialysis studies, purified 
vitamin K, reductase bound Dicumarol, while phosvitin 
and ovalbumin, for example, did not, which indicates 
that there is some specificity in the binding. Green et al. 
(10) had also reported that treatment of animals with 
Dicumarol did not affect the following systems: DPNH 
oxidase, aerobic or anaerobic glycolysis, aspartic-glutamic 
transaminase, ATP-ase, AMP-ase, G-6-P-ase, HDP-ase, 
xanthine oxidase, pyruvate oxidation, or oxidative phos- 
phorylation. 


VITAMIN KjH2-CYTOCHROME C REDUCTASE 


After the reduction of vitamin K had been studied, it 
was of interest to determine the fate of reduced vitamin 
K;. One possibility considered and investigated was 
that reduced vitamin K, might in turn reduce a cyto- 
chrome, such as cytochrome c, thus forming reduced 
cytochrome c and regenerating the oxidized forin of vita- 
min K,. Accordingly, various cell fractions were tested 
for such catalytic activity. For these studies, reduced 
vitamin K, was formed chemically by reduction with 
potassium borohydride (KBH,), rather than by enzy- 
matic procedures. After reduction had occurred, the 
excess KBH, was destroyed with HCl and the samples 
were kept acidic in order to preserve the reduced form 
of the vitamin. Such samples, exhibited an ultraviolet 
spectrum, at neutral pH, similar to the enzymatically 
reduced vitamin. In addition, after oxidation of the 
reduced vitamin, it migrated in the same manner as ref- 
erence samples of vitamin K, when tested by paper 
chromatography. It appeared that there were no major 
changes in chemical structure resulting from this treat- 
ment, but the possibility that changes may have occurred, 
which could not be detected by spectrophotometric or 
chromatographic procedures, cannot be excluded. This 
substrate is, therefore, tentatively designated reduced 
vitamin K. 

The standard assay system used for these studies con- 
tained citrate-versene buffer of pH 6.2, cyanide to in- 
hibit cytochrome oxidase, oxidized cytochrome c, re- 
duced vitamin Kj, and enzyme (25). The reactions were, 
as a routine, followed by measuring the increase in ab- 
sorbancy at 550 my, which is characteristic of the reduc- 
tion of cytochrome c. There was also a nonenzymatic 
reduction of cytochrome c, which varied with the condi- 
tions employed, but corrections were made for this 
contribution. 

In tests of various cell fractions of rat liver, the mito- 
chondrial fraction was found to catalyze the reduction of 
cytochrome c, while the microsomal and soluble fractions 
contained little or no such activity (Table 1). This ac- 
tivity is tentatively designated vitamin K ,H»2-cytochrome 
¢ reductase. It may be noted that the cytochrome c re- 
ductase was localized in the mitochondrial fraction, just 
as the vitamin K type compounds reported by Green 
et al. (8), and also by Martius (13). Attempts have been 
made to solubilize this activity, but to date they have 
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FIG. 3. Spectral changes occurring during the enzymatic reduc- 
tion of cytochrome c by reduced vitamin K;. The reactions were 
carried out in citrate-versene buffer of pH 6.2 and recordings were 
made in a Beckman model DKa2 recording spectrophotometer at 
the indicated time periods in minutes. Reprinted with the permis- 
sion of Pergamon Press Limited. 


met with only partial success. The activity appears to be 
associated with the mitochondrial membrane or cristae 
rather than with the matrix, since after freezing and 
thawing, or after osmotic shock, the activity sedimented 
at 7,000 X g. Treatment of the residue with Lubrol WX 
caused some solubilization but the activity still sedi- 
mented at greater centrifugal forces. Although further 
treatment with other agents, e.g., digitonin, has been 
somewhat successful, the yields have been low, and 
therefore, most of the data presented are concerned with 
the Lubrol treated samples. Proteins such as bovine 
serum albumin, crystalline yeast hexokinase, ovalbumin, 
and phosvitin tested in similar amounts did not catalyze 
the reduction of cytochrome c by reduced vitamin K,. 
Whether cytochromes other than cytochrome c may 
serve as electron acceptors in this system has not yet been 
determined. Before definitive studies are carried out, it 
would be desirable to obtain fractions which are soluble 
and free of contaminating enzymes which might interfere. 

The effect of the anticoagulants was studied on vita- 
min K ,H»2-cytochrome c reductase. The enzyme was in- 
hibited about 50% by Dicumarol, Sintrom, cumachlor, 
and phenindione at a concentration of 10~* M, and about 
20% by Tromexan and warfarin ai the same concentra- 
tion. In general, vitamin K,H»2-cytochrome c reductase 
was less sensitive to the anticoagulants than vitamin K, 
reductase. 

Antimycin A, which inhibits electron transport be- 
tween cytochrome 6 and c, caused an inhibition of vita- 
min K,Ho»-cytochrome c reductase of about 85% at a 


concentration of 0.1 wg per ml. Since the reduction of 


cytochrome c was inhibited by Antimycin A, and the 
details of this reaction are not known, it is possible that 
a system similar to that described in heart by Ambe and 
Crane (1), which involves coenzyme Q and is sensitive 
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to Antimycin, may be present in the preparations used 
and involved in this reaction. Analysis of the preparations 
obtained to date, has not yet revealed the presence of co- 
enzyme Q, but the possibility that it may be present in 
minute quantities cannot be excluded. The yields and 
purity have not permitted a satisfactory analysis for 
small amounts. It may be mentioned that preparations 
have been obtained from spinach and dog liver which 
catalyze this reaction yet do not sediment at 100,000 X g 
(unpublished results). Such preparations may prove to 
be more suitable for a study of this reaction. 

In order to follow the conversion of reduced vitamin 
K, to the oxidized form as cytochrome ¢ reduction oc- 
curred, some of the reactions were followed in the ultra- 
violet region, where the spectral changes associated with 
the oxidation of the reduced form of vitamin K, can be 
followed. However, in order to do this, the system had 
to be diluted toconditions which were suboptimal so that 
the ultraviolet spectrum could be measured. The results 
of such an experiment are shown in Fig. 3. The spectrum 
of the reduced form is shown by the zero curve, along 
with the progressive changes occurring after the addition 
of enzyme. There is less absorption by the reduced form 
at 275 my in Fig. 3 than for the reduced form shown in 
Fig. 1. 

Whether this difference is due to the effect of pH, the 
nature of the buffer used, or some other factor is being 
studied. Nevertheless, after the addition of enzyme, there 
was a progressive decrease in absorption in the 245 mp 
region and an increase in the 275 my region, both of 
which are characteristic of the conversion of reduced 
vitamin K, to the oxidized form. In this experiment the 
nonenzymatic contribution was estimated to be about 
30-40% of the overall reaction, which is greater than 
usual because suboptimal conditions were used so that 
the spectral changes could be followed. In addition, an 
increase in absorption was observed in the 315 my 
region, which appears to be due to the reduction of cyto- 
chrome c, but there are some uncertainties concerning 
this point. However, there was a correlation between the 
changes in the ultraviolet and the changes observed at 
550 mu. 


DISCUSSION 


The natural electron carrier for the two enzymes under 
investigation requires elucida\‘on in dog and rat liver. 
However, on the basis of specificity studies, it could be 
either a substituted naphthoquinone or benzoquinone; 
or some as yet unidentified substance. On the basis of 
bio-assay, vitamin K as reported to be present in mam- 
malian tissues and in the case of beef liver, was associated 
with the mitochondrial fraction (8). But its exact struc- 
ture was not known. Using C!*-labeled menadione, 
Martius (13), found it to be converted to another sub- 
stance, which had the highest specific radioactivity in the 
mitochondrial fraction. Furthermore, in heart, which 
presumably is not involved in the synthesis of clotting 
factors, the mitochondria were also found to contain the 
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labeled material. In subsequent studies (14) a product 
was isolated and identified as 2-methyl-3-(geranyl- 
geranyl)-1 ,4-naphthoquinone, which differs from vita- 
min K, in the side chain at the 3-position. If similar 
substances are present in dog and rat liver, it is possible 
that they might serve as electron carriers for the enzymes 
studied, because in the case of vitamin K ; reductase there 
is considerable breadth in specificity. The quinoid por- 
tion of the molecule appears to be the functional moiety 
in oxidation and reduction, because the presence or 
absence of the side chain at the 3-position does not 
eliminate activity. 

Members of the coenzyme Q series are also associated 
with the mitochondria and their structure has been de- 
termined. But these materials do not possess antihemor- 
rhagic activity in vitamin K deficient animals (5, 12) 
and, in addition, coenzyme Qo does not act antagonis- 
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tically to warfarin (12) as vitamin K. On this basis, it 
would appear that there are at least two types of quinones 
associated with the mitochondria. 

In bacteria, Brodie has reported a soluble factor (2), 
which participates in electron transport and oxidative 
phosphorylation with vitamin K being involved (3), 
presumably in the conversion of inorganic phosphate to 
an organic form. In the present studies, experiments were 
carried out to determine whether such a conversion 
occurred during the reduction of vitamin K, or its subse- 
quent oxidation. Up to the present time, no direct evi- 
dence has been obtained in the systems under investiga- 
tion for phosphorylation being associated with these 
reactions. However, if a free radical or enol type phos- 
phate were involved, the intermediate would probably 
be unstable. The findings definitely show that substances 
of the vitamin K type may undergo reduction and, in 
turn, be oxidized by a cytochrome. 
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Role of vitamin K and other quinones 
in photosynthesis’ 


DANIEL I. ARNON 
Department of Cell Physiology, University of California, Berkeley, California 


Piva TO A POSSIBLE ROLE of quinones in photo- 
synthesis has been directed by three findings. a) Warburg 
(6g) found that isolated chloroplast fragments unable to 
assimilate CO: are still capable of liberating oxygen 
under the influence of light (Hill reaction), when sup- 
plied with substrate amounts of p-benzoquinone (eq. 7). 
(1) C,H,O,. + H.G — C,H;(OH). + 1402 

6) Dam et al. found (27,27a) that vitamin K ; (2-methyl-3- 
phytyl-1 ,4-naphthoquinone) is localized in chloroplasts. 


O 
CH 
Y 
R 
O 
vitamin K,;: R = 
CH; CH; CH; 
CH,-CH = C-(CHz); CH(CH:);_}, —CH-CH; 


menadione (vit. K;): R = H 
phthiocol: R = OH 


c) Crane (22), found that a substituted benzoquinone, 
first isolated from alfalfa by Kofler (42), was character- 
istically localized in chloroplasts of higher plants. This 
compound, named by Crane plastoquinone, (also known 
as Kofler’s quinone and Q-254), was found to be a tri- 
substituted benzoquinone with a g-isoprenoid side chain. 
This structure was confirmed by the synthesis of 2,3 di- 
methyl-5-solanesyl benzoquinone, which was shown to be 
identical with plastoquinone (43, 60, 66). 


O 

CH; ~ CH 

CH, / (CH;CH=C-—CH:2),H 
O 

plastoquinone 


! Aided by grants from the National Institutes of Health and the 
Office of Naval Research 
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Plastoquinone is closely related structurally to the co- 
enzyme Q (ubiquinone) group, which includes deriva- 
tives of 2,3-dimethoxy-5-methylbenzoquinone, substi- 
tuted at position 6, with a polyisoprenoid side chain (23). 
Plastoquinone differs particularly from the coenzyme Q 
homologues in having no methoxy groups. 

Naphthoquinones (vitamin K,) and benzoquinones of 
the coenzyme Q (ubiquinone) type, of which plastoqui- 
none is an example, have, thus, been found to be normal 
constitutents of chloroplasts, the cytoplasmic organelles 
that are now known to be the sites of complete photo- 
synthesis, both inside and, under suitable conditions, 
outside the living cell (2, 8). Fresh stimulus to investiga- 
tions of the role of quinones in photosynthesis was given 
in the last several years by the discovery of photosyn- 
thetic phosphorylation by isolated chloroplasts and the 
involvement of quinone substances in this process. Before 
discussing the recent developments I shall review briefly 
some earlier investigations in this field. 

OF 


INVESTIGATIONS ON THE ROLE 


PHOTOSYNTHESIS 


EARLY 
VITAMIN Ky IN 


Interest in a possible association of quinones with 
photosynthes:- was first aroused by the localization of 
vitamin K activity in green leaves. Almquist (1) observed 
that the green tops of carrots are a good source of vitamin 
K, but that the carrot itself contained little or none; 
Dam (24, 25, 27,27a) found that the outer, green leaves of 
cabbage had four times as much vitamin K as the inner 
leaves. Within the leaf itself, Dam found vitamin K in 
the chloroplasts, but not in the cytoplasm; in spinach 
leaves, for example, chloroplasts contained all ihe vita- 
min K present in the pressed leaf juice. Dam (26), also 
demonstrated the presence of vitamin K in Chlorella 
vulgaris and, in smaller concentrations, in four photosyn- 
thetic bacteria, including Rhodospirillum rubrum. 

The form of vitamin K found in green plants, vitamin 
K ,, partly resembles chlorophyll in containing the phyty! 
side chain. The synthesis of vitamin K, in germinating 
seedlings parallels that of chlorophyll, as was shown by 
Dam and his coworkers. Yet, despite this striking associa 
tion with chlorophyll, the function of vitamin K long 
remained a mystery. Dam (25), reviewing this subject, 
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concluded that the “significance of vitamin K to the 
function of chloroplasts is just as unknown as the signifi- 
cance of the carotenoids.” 

Later, in an attempt to test directly the effect of vita- 
min K substances on photosynthesis, he found that the 
addition of menadione (2 methyl, 1 ,4-naphthoquinone) 
completely inhibited photosynthesis in Chlorella whereas 
Dicumarol, a known vitamin K antagonist, had no effect 
on either photosynthesis or growth (26). Gaffron (31, 32), 
who investigated the subject more extensively, found 
that photosynthesis in another green algae, Scenedesmus, 
was inhibited by low concentrations of menadione and 
phthiocol. The inhibitory effect of the vitamin K sub- 
stances appeared, from the results of Gaffron, to center 
on the oxygen evolution reactions in photosynthesis. 

Since Warburg has shown that p-benzoquinone (and 
also 8-naphthoquinone sulfonic acid) is a Hill reagent 
(reaction 1), it was natural to suspect that vitamin K, in 
green leaves might be a physiological hydrogen acceptor 
in that phase of photosynthesis which leads to oxygen 
evolution. It seemed possible that menadione, which, in 
the animal, has antihemorrhagic activity equal to 
that of vitamin K,, would also be able to function as a 
Hill reagent with isolated chloroplasts. But the experi- 
ments of Arnon and Whatley with menadione as a Hill 
reagent led to negative results [cf. Arnon (3) p. 502]. 
Moreover, Wessels (70), in an independent investigation, 
found that low concentrations of menadione or phthiocol 
inhibited the Hill reaction. 

Wessels (70) explained the inhibitory effects of mena- 
dione in his experiments by assuming that it acted in 
plants in the same manner as dicumarol in animals, i.e., 
as an “anti-vitamin K”’ substance that inhibits the natu- 
ral vitamin K, of chloroplasts. This assumption was un- 
supported by experimental evidence, and ran counter to 
the well-known effectiveness of menadione as an ana- 
logue of the natural vitamin K in the animal. Neverthe- 
less, this interpretation of his results, as well as his com- 
parison of the redox potentials of Hill reagents and 
vitamin Ky, and other theoretical considerations, led 
Wessels to suggest that the natural vitamin K, in chloro- 
plasts, ‘‘is involved in the transfer of hydrogen to Hill 
oxidants,”’ and that this action is inhibited by menadione. 

The first direct experimental evidence that vitamin K 
substances can act cr alytically in stimulating a photo- 
synthetic reaction came after the discovery of photosyn- 
thetic phosphorylation by isolated chloroplasts (3, 8, 12). 
Here, as was later also observed by Wessels (72), mena- 
dione and other naphthoquinones acted rot as hypo- 
thetical antagonists of the natural vitamin K but as 
powerful cata!sts of ATP formation. The catalytic ac- 
tivity of menadione and other naphthoquinones on 
photosynthetic phosphorylation was inhibited by di- 
cumarol (12), paralleling the antagonistic action of this 
compound on vitamin K substances in animals, Photo- 
synthetic phosphorylation appeared, therefore, to be the 
process that was likely to shed light on the role of qui- 
nones in photosynthesis. Further research of this question 
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became linked with investigations of the mechanism of 
photosynthetic phosphorylation. 


CYCLIC AND NONCYCLIC PHOTOPHOSPHORYLATION 


Photosynthetic phosphorylation (photophosphoryla- 
tion, for short) is a term coined in 1954 to describe a 
light-induced ATP formation by isolated chloroplasts, 
without the aid of mitochondria and without the con- 
sumption of oxygen (8). The overall reaction of photo- 
synthetic phosphorylation is represented by equation 2: 
(2) app + p —l8ht_, arp 

Reaction 2, in which the sole product is ATP, was sub- 
sequently designated ‘‘cyclic photophosphorylation,”’ to 
distinguish it from a second photophosphorylation reac- 
tion by isolated chloroplasts (eg. 3), which was found a 
few years later (13), and named “‘noncyclic photophos- 
phorylation” (4, 14). 


TPN + 2H+ + ADP + P + 20H- —lisht 


TPNH: + ATP + H:O + 1/2 QO, 





(3) 


The terms ‘cyclic’? and ‘“‘noncyclic’ refer to the 
electron flow mechanisms which have been proposed 
(4, 6) for these two reactions that now jointly constitute 
the process of photosynthetic phosphorylation. In cyclic 
photophosphorylation, all of the biochemically effective 
light energy is used for ATP formation. In noncyclic 
photophosphorylation, only a portion of the biochemi- 
cally effective light energy is used for the formation 
of ATP; the remainder is used for the formation of a 
reductant, TPNH» and the excretion (evolution) of 
oxygen. A non-physiological variant of noncyclic photo- 
phosphorylation (reaction 3) is reaction 4, in which TPN is 
replaced by ferricyanide (13, 14) (represented here by 
Fe**): 


: 2Fe*+ + ADP + P + 2OH- — 
(# 2Fe** + ATP + H:,O + 1/2 O, 

Of the two photophosphorylation reactions (eg. 2 
and 3), the cyclic type (eg. 2), appeared the more basic 
from the standpoint of mechanisms of energy transforma- 
tion in photosynthesis when it became clear that it is not 
limited to green plants but is apparently found in all 
types of photosynthetic cells. Soon after the discovery of 
photosynthetic phosphorylation in chloroplasts (8), 
Frenkel (29), demonstrated photosynthetic phosphorvla- 
tion in cell-free preparations of the facultatively anaero- 
bic photosynthetic bacterium, Rhodospirillum rubrum, and 
Williams (75), found photosynthetic phosphorylation in 
the obligately anaerobic photosynthetic sulfur bacteria, 
Chromatium and Chiorebium. Thomas and Haans (62), and 
Petrack and Lipmann (58), found cyclic photophos- 
phorylation in algal prep* ~ations (other literature cited 
in ref. 5). 
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The unique features of cyclic photophosphorylation 
are that ATP is formed without the consumption of an 
exogenous electron donor and an electron acceptor. In 
respiration, ATP is formed at the expense of free energy 
released during the flow of electrons from the respira- 
tory substrate to molecular oxygen, both of which are 
consumed in the process. Cyclic photophosphorylation 
consumes neither respiratory substrate nor molecular 
oxygen. The free energy required for the synthesis of 
pyrophosphate bonds of ATP is supplied solely by light. 

Cyclic photophosphorylation in bacteria seemed to 
differ at first from that in chloroplasts in its dependence 
on a chemical substrate. Frenkel’s cell-free preparations 
of R. rubrum became substrate-dependent after washing; 
and the rate of phosphorylation was doubled on adding 
a-ketoglutarate (29). But in subsequent experiments, 
Frenkel (30) ruled out the dependence on an added 
chemical substrate and once this fundamental point was 
clarified, the equivalence of cyclic photophosphorylation 
in chloroplasts and bacterial particles seemed probable 
(4). 

While cyclic photophosphorylation was recognized as 
a common denominator of all photosyntheses, noncyclic 
photophosphorylation as represented by equation 3—a re- 
action that liberates oxygen—seemed at first destined to 
remain a special feature of plant photosynthesis, since 
oxygen is not evolved in bacterial photosynthesis. How- 
ever, Losada et al. (48) (cf. also Duysens et al. (28)) 
have recently separated reaction 3 into two distinct 
photochemical reactions; a), a photooxidation of hy- 
droxy! ions that yields oxvgen (eg. 5); and, 6), a photo- 
phosphorylation reaction proper in which the photo- 
reduction of triphosphopyridine nucleotide is coupled 
with the formation of adenosine triphosphate (eg. 6). 


(5) abs wee 2c 4 OO 4+ 1A 
a TPN + 2Ht + ADP + P + 2A- — light, 
a ee ____ TPNH, + ATP + 2A¥ 
Sum: TPN + 2H+ + ADP + P + 2OH- — 
(3) 


TPNH, + ATP + H.O + 1/2 Og 


Only the photooxidation of hydroxyl ions (eg. 5) is 
peculiar to green plants, since only green plants seem 
capable of using OH™ as an electron donor with the re- 
sulting excretion of molecular oxygen. Reaction 6, the non- 
cyclic photophosphorylation reaction proper, occurs also 
in photosynthetic bacteria (57), but they use inorganic 
or organic electron donors, such as thiosulfate or suc- 
cinate, instead of OH-, and hence oxygen evolution does 
not occur. A comparison of photophosphorylation reac- 
tions in green plants and photosynthetic bacteria is given 
in Table 1. 

The discovery of photosynthetic phosphorylation by 
isolated chloroplasts (@), of both the cyclic and noncyclic 
type, was confirmed and extended in other laboratories, 
notably those of Jagandorf (15, 16, 40, 41), Wessels 
(72, 73), Vennesland (20, 56), and Hill (39). Most of the 
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TABLE 1. Photosynthetic Phosphorylation 
Photosynthetic Bacteria 


Green Plant 


noncyclic photophosphorylation : 


a) 2A + 2O0H- a 
2A- + H,O + KO, 
6) TPN + 2H*+ + ADP 
+ P+ 2A- > 
TPNH, + ATP + 2A) 


DPN + 2H+ + ADP 
+ P+ 2A~- > 
DPNH, + ATP + 2A 
Sum: 
TPN + 2H+ + ADP 
em 
+ P+ 20H- — 
TPNH, + ATP 
+ H,O + 40; 


DPN + 2H+ + ADP 
DPNH: + ATP + 2A 


cyclic photophosphorylation : 
ADP + P > ATP ADP + P — ATP 


work has been done with spinach chloroplasts, but re- 
cently Whatley et al. (74) have also demonstrated cyclic 
and noncyclic photophosphorylation in chloroplasts iso- 
lated from several other species of plants. 

The significance of cyclic and noncyclic photophos- 
phorylation to the overall mechanism of photosynthesis 
in green plants is that they supply—aside from oxygen as 
the excreted by-product—the two products, ATP and 
TPNHg2, which alon- suffice for converting CO» into 
carbohydrates in the dark (47, 65). Both ATP and 
TPNHz (also oxygen), are formed by noncyclic photo- 
phosphorylation (eg. 3); but cyclic photophosphorylation 
(eg. 2), which supplies only ATP, is also needed for CO; 
assimilation, because the ATP formed in noncyclic 
photophosphorylation is insufficient to convert CO: to 
carbohydrate (64). 


QUINONES AS CATALYSTS OF CYCLIC 
PHOTOPHOSPHOR) LATION 

The first indication that quinones may have an effect 
on photosynthetic phosphorylation came from attempts 
to circumvent a then puzzling dependence of this process 
on molecular oxygen. When first discovered, ATP forma- 
tion by isolated chloroplasts proceeded at a sustained 
rate only in the presence of oxygen (ref. 8, Fig. 2b). 
However, since there was no net evolution (as measured 
by manometric pressure change) of molecular oxygen, 
we concluded then (8), that oxygen acted as a catalyst in 
photosynthetic phosphorylation and not as a substrate as 
in oxidative phosphorylation. A decisive difference, then 
and now, between photosynthetic and oxidative phos 
phorylation was the inability of chloroplasts to form 
ATP in the dark by oxidizing substrates of oxidative 
phosphorylation with molecular oxygen (3, 9). 

The dependence of ATP formation by chloroplasts on 
oxygen was abolished by the addition of catalytic 
amounts of menadione or other naphthoquinones (12). 
Photophosphorylation could now proceed at a sustained 
and vigorous rate in an atmosphere of nitrogen or argon. 
The process appeared to be anaerobic and, thus, analo- 
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um P 
Naphthoquinone derivative added esteri- 
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None 0.8 
1 19.3 
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OH 
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X J \ Ly 
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Effect of vitamin K substances and other naphthoquinone 
derivatives on photosynthetic phosphorylation. The reaction 
mixture included a suspension of whole chloroplasts in 0.35 
“ NaCl containing 0.5 mg chlorophyll, 0.3 wmole of the naph- 
thoquinone derivative added in 0.05 ml methanol; 40 pmole 
tris (hydroxymethyl) aminomethane buffer, pH 7.2; 20 umole 
of a mixture of Na and K phosphate buffer, pH 7.2; 20 umole 
of neutralized adenylic acid; 10 ymole sodium ascorbate; and 
0.35 M KCI to give a final volume of 3.0 ml. The reaction was 

-tied out in Warburg vessels at 15°; the period of iliumina- 
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gous to photophosphorylations by chromatcphores of 
photosynthetic bacteria. 

The effect of naphthoquinones on photophosphoryla- 
tion seemed especially interesting at the time because its 
discovery shortly followed that of Martius on the effect 
of vitamin K, on oxidative phosphorylation by liver 
mitochondria (50, 51). The effect of naphthoquinones on 
phosphorylation by chloroplasts was different in that, a), 
chloroplasts were less exacting with regard to the side 
chain on the third carbon of the naphthoquinone ring. 
In the experiments of Martius with mitochondria, 
the phytyl side chain was required; menadione (side 
chain = H) was inhibitory. Chloroplasts could use 
equally well menadione, phthiocol (side chain = OH), 
or other naphthoquinone derivatives (Table 2); 6), the 
increase in phosphorylation caused by the addition of 
catalytic amounts of one of the naphthoquinones was 
large, of the order of 20-fold (Table 2). Mitochondria, 
isolated from livers of vitamin K deficient chicks, showed 
a 30% decrease in oxidative phosphorylation that was 
restorable in vitro by the addition of vitamin K, (51). 

Martius (50, 51), has ascribed to vitamin K, in oxi- 
dative phosphorylation the role of an electron carrier 
between DPN and cytochromes. We have tentatively 
proposed an analogous role for naphthoquinones in 
photosynthetic phosphorylation. In our first working hy- 
pothesis, we envisaged naphthoquinones as catalyzing a 
recombination of the products of photolysis of water (2). 
We have later abandoned the photolysis of water theory 
in favor of an electron flow mechanism (4, 6), which 
agrees better with subsequent experimental findings. The 
electron flow theory envisages that chlorophyll, on ab- 
sorbing a photon in the primary photochemical act, 
expels an electron that has acquired a high energy po- 
tential at the expense of the absorbed light energy. 
Chlorophyll, thus, becomes an electron donor. On losing 
an electron, chlorophyll becomes also an electron accep- 
tor, i.e., it becomes “‘electro-positive” [acquires a ‘‘hole’’; 
compare the ‘‘odd ion” terminology of Lewis and Lipkin 
(46)]. 

The “‘electropositive’’ chlorophyll compensates for its 
electron deficiency by accepting an electron from cyto- 
chrome which, in turn, becomes oxidized. We have sug- 
gested that the electron that has been ejected from the 
excited chlorophyll passes through a “closed circuit’ of 
the photosynthetic electron transport chain until it 
finally reaches the oxidized cytochrome. Thus, electrons 
activated by light and expelled from chlorophyll, return 
to it by a cyclic path—hence the name cyclic photophos- 
phorylation. During the electron transport steps, coupled 
enzyme systems convert electron energy into the pyro- 
phosphate bond energy of ATP. A diagram illustrating 
this concept is shown in Fig. 1. 

In the proposed cyclic electron flow mechanism, 
menadione, or an equivalent quinone, was envisioned as 
the component of the electron transport chain that cata- 
lyzed the transfer of electrons between excited chloro- 
phyll molecules and cytochromes (see ‘“‘cofactor’’ in 
Fig. 1). It seemed that naphthoquinones could also per- 
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FIG. 1. Scheme for anaerobic cyclic photophosphorylation 


when the added cofactor is menadione or FMN. 


form the same function in photosynthetic bacteria. 
Geller (33), found that menadione catalyzed photophos- 
phorylation by chromatophores of R. rubrum. Moreover, 
Nozaki, Ogata, and Arnon (reported in ref. 6), obtained 
evidence with Chromatium preparations that naphtho- 
quinones are indeed capable of transferring electrons to 
cytochromes of photosynthetic bacteria. 

In fresh preparations of Chromatium chromatophores, 
the dark reduction of cytochrome ¢2, previously oxidized 
by light, was not influenced by the addition of naphtho- 
quinones. However, as shown in Fig. 2, in aged chroma- 
tophore preparations, the reduction of oxidized bacterial 
cytochromes was greatly accelerated by the addition of 
naphthoquinones, when added either in the oxidized 
form (menadione), or in the reduced form (vitamin Ks, 
i.e., 2-methyl-4-amino-1-naphthol hydrochloride). The 
effect of naphthoquinones in accelerating the reduction 
of oxidized cytochrome depended on the presence of 
chromatophores. Without chromatophores, a _ 100-fold 
greater concentration of the reduced naphthoquinone 
was required to reduce a purified cytochrome c2 prep- 
aration. 

Naphthoquinones are not the only catalysts of cyclic 
photophosphorylation. In isolated chloroplasts, the 
process is also catalyzed by flavin compounds (FMN, 
FAD), that are also known to be natural components of 
chloroplasts. It seemed, at first, that the electron trans- 
port in cyclic photophosphorylation involved a joint par- 
ticipation of naphthoquinones and flavin compounds (2), 
but later investigations in several laboratories (see re- 
view, 5), showed that naphthoquinones and flavin com- 
pounds can catalyze cyclic photophosphorylation inde- 
pendently of each other. [Baltscheffsky (17), has recently 
assigned, on the basis of inhibition experiments with 
atebrin, a key role to flavins as obligatory electron 
carriers in cyclic photophosphorylation. However, M. 
Losada, A. Paneque, and A. Mitsui have found in this 
laboratory, that atebrin, although it effectively un- 
couples photophosphorylation in chlioroplas* does not 
inhibit the photochemically induced electron flow. | 

The parallel catalytic effects of naphthoquinones and 
flavin compounds have given rise to questions whether 
these compounds are to be considered physiological cata- 
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lysts of cyclic photophosphorylation, or whether they are 
to be regarded as nonspecific agents in no way distin- 
guishable from nonphysiological catalysts. These ques- 
tions seemed relevant, because a marked stimulation of 
photophosphorylation was also obtained by the addition 
of nonphysiological agents, especially phenazine metho- 
sulfate (41). In fact, phenazine methosulfate has been 
reported to be a better catalyst of cyclic photophosphoryl- 
ation in chloroplasts than either menadione or FMN 
(cf. 40). 

The superiority of phenazine methosulfate could be 
explained by its acting as an electron carrier that bypasses 
a rate-limiting step in photosynthetic phosphorylation 
(33). On this hypothesis, phenazine methosulfate would 
give higher rates of phosphorylation than menadione at 
high light intensity, when there is a rapid flux of electrons 
from excited chlorophyll. Assuming, however, several 
sites of phosphorylation in the cyclic pathway, the ad- 
vantage of phenazine methosulfate might disappear at 
low light intensity, when the overall rate of the process is 
limited by the electron flux. Under such conditions, the 
highest rate of photophosphorylation would be observed 
in a system in which none of the phosphorylation sites 
was bypassed. Thus, a comparison of photosynthetic 
phosphorylation, catalyzed by menadione and phenazine 
methosulfate under conditions of limiting light, seemed 
desirable. 

The results of such a comparison are shown in Fig. 3. 
At low light intensity, photophosphorylation catalyzed by 
menadione was markedly greater than that catalyzed by 
phenazine methosulfate (or pyocyanin). This difference 
was persistent and gave a straight-line relationship for a 
considerable period of time. 

These experiments were extended by comparing the 
rates of photosynthetic phosphorylation at different light 
intensities. The results shown in Fig. 4 confirm and ex- 
tend those illustrated in Fig. 3. At low intensity cyclic 
photophosphorylation catalyzed by either menadione or 
FMN proceeded at a much higher rate than that cata- 
lyzed by phenazine methosulfate. However, at higher 
light intensities the phenazine methosulfate system gave 
much greater rates of phosphorylation (cf. 41). 

These results suggest that at high light intensity the 
naphthoquinone (and FMN) systems became limited by 
enzymatic reactions, which were unable to keep pace 
with the rapid electron flux. The increasing rates of 
phosphorylation obtained at high light intensity with the 
phenazine methosulfate system are consistent with the 
explanation that this agent does indeed serve as a bypass 
around some rate-limiting step (6). These findings, al- 
though they do not dispose of the question of specificity 
of naphthoquinones (or flavin compounds), are inter 
preted as an indication of enzymatic steps that may limit 
cyclic photophosphorylation at high light intensities, 
when naphthoquinone (or flavin) catalysts are involved. 

The higher rates of photophosphorylation at limiting 
light with menadione (or FMN) than with phenazine 
methosulfate, suggest the involvement of at least two 
phosphorylation sites in the vitamin K (or FMN) p>” 
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Fic. 2. Effect of vitamin K and other cofactors on the reduction 
of cytochromes c. in cell-free preparations of Chromatium. The 
cytochromes were oxidized by previous illumination. The reac- 
tion mixture included in a final volume of 3.0 ml, dialyzed cell-free 
suspension (PS) containing 0.06 mg_ bacteriochlorophyll, 0.02 


Pric. 3. Effect of menadione 
(vitamin K3) and _ phenazine 
methosulfate (PMS) on anaero- 
bic cyclic photophosphorylation 
in spinach chloroplasts at a limit- 
ing light intensity (3,000 Lux). 
Reaction mixture included 
chloroplast fragments (C1,) con- 
taining 1 mg chlorophyll and in 
umoles: Tris buffer, pH 8.3, 80; 
K;H®PO,, 15; MgSO,, 5; ADP, 
15; vitamin K; or PMS, 0.3; 
gas phase nitrogen. 

Fic. 4. Effect of light intensity 
on anaerobic cyclic photophos- 
phorylation. Gas phase nitrogen. 
Illumination period 30 min. 
The reaction mixture included 
chloroplast fragments (C;.) con- 
taining 0.1 mg chlorophyll and 
chloroplast extract equivalent to / 
1 mg chlorophyll. 0.3 mmoles 
TPN and 0.3 umoles FMN were . 
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umoles of purified cytochrome cz and 0.03 umoles of the re- 
spective cofactors. Difference in optical density was measured on 
a Beckman DU spectrophotometer with an attached photomulti- 
plier using cuvettes with the respective cofactor omitted as con- 
trols in cach case. 
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way (Fig. 1). With phenazine methosulfate, there is 
probably only one phosphorylation site, between cyto- 
chrome and chlorophyll (Fig. 5). 

A primary phosphorylation reaction, common to all 
pathways of cyclic photophosphorylation, is envisaged as 
being coupled with the oxidation of the terminal cyto- 
chrome in the photosynthetic particle, i.e., the cyto- 
chrome that reacts with the excited chlorophyll molecule 
(compare Figs. 1 and 5). A second site of phosphoryla- 
tion in the menadione pathway is likely to occur on 
cxidation of reduced menadione (or its analogue) by 


we m0 fe 


1 1 
20000 40000 


cytochromes, as was suggested by the model reactions 
proposed by Wessels (70), Harrison (37) and_Clark 
et al. (21). 

Although the superiority of menadione (or FMN) over 
phenazine methosulfate at low light intensity is highly 
suggestive, it is not considered decisive in answering the 
question whether vitamin K or flavin compounds, and 
not other substances normally found in chloroplasts, are 
the physiological catalysts of cyclic photo; ‘iosphoryla- 
tion. The answer to this question must .await further 
experimentation; it cannot be given with assurance on 
the basis of present evidence. 











1018 


ee Oe 


Aes) 


~P 


LIGHT 








+) Cyt 


LIGHT ~? —ape (are) 


FIG. 5. Scheme for anaerobic cyclic photophosphorylation 
catalyzed by phenazine methosulfate (PMS). 

FIG. 6. Scheme for noncyclic photophosphorylation of the green 
plant type. In the first light reaction, the pigment molecule be- 
comes excited by the absorption of a quantum of light. The excited 
pigment donates its high energy electron (e~) to an intermediate 
electron acceptor (A) and accepts an electron from an hydroxy] 
ion. The oxidation product (OH) of the hydroxyl ion is the pre- 
cursor of molecular oxygen. In the second light reaction, the 


QUINONES AND NONCYCLIC PHOTOPHOSPHORYLATION 


In cyclic photophosphorylation (Fig. 1), menadione 
acts as an electron carrier and, hence, needs to be added 
only in catalytic amounts. However, Trebst and Eck 
(63), in a comprehensive study of quinones in photosyn- 
thetic phosphorylation, have recently shown that photo- 
phosphorylation of the noncyclic type (eg. 3 and 4) 
occurs when benzoquinones are added to isolated chloro- 
plasts in substrate amounts, i.e., as terminal electron ac- 
ceptors in a Hill reaction (eg. 7). The theoretical stoichi- 
ometry of noncyclic photophosphorylation (eg. 3), which 
has also been obtained with ferricyanide (eq. 4), is not 
attainable with benzoquinones, partly because they 
inhibit the phosphorylation reaction, and partly, because 
they react back with the liberated oxygen (63). 

A special case of photophosphorylation in chloroplasts, 
involving menadione and other quinones, is the pseudo- 
cyclic or oxygen-dependent noncyclic photophosphoryla- 
tion. Here both menadione and oxygen act as catalysts. 
The joint catalytic action of menadione and oxygen may 
be explained by the recently proposed mechanism for 
noncyclic photophosphorylation in chloroplasts (Fig. 6). 

Oxygen, like ferricyanide, can replace TPN, the physi- 
ological electron acceptor in noncyclic photophospho- 
rylation (B in Fig. 6). Molecular oxygen now acts as a 
Hill reagent and becomes reduced to hydrogen peroxide 
[Mehler reaction, (52~—54)|. The reduction of oxygen to 
hydrogen peroxide by illuminated chloroplasts is ordi- 
narily a sluggish reaction, but it is greatly accelerated by 
menadione or other catalysts (52, 35). 

If, at the same time that oxygen is used as the electron 
acceptor B (top of Fig. 6), OH™ is used as the electron 
donor (bottom of Fig. 6), the resultant oxygen evolution 
at one end would balance the oxygen consumption at 


» * 
the other. An oxygen exchange would result (1/2 Oz for 
1/2 Ov») without any net consumption of oxygen that 
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chlorophyll molecule (Chl), excited by the absorption of a quan- 
tum of light, donates its high energy electron (e~) to the terminal 
electron acceptor (B) and accepts, via the cytochrome system 
(Cyt), an electron from the reduced intermediate (A~) formed in 
the first light reaction. The phosphorylation step is linked with the 
transfer of the electron from cytochrome to chlorophyll. 

FIG. 7. Scheme for noncyclic photophosphorylation in R. rubrum, 
with either succinate or ascorbate as electron donors. 


could be measured manometrically: oxygen would act 
as a Catalyst (eq. 7, 8 and 9). 


pa . 
O: + 2H+ + ADP + P+ 20H- ——/8ht_ 
/ menadione 


* 
H.( do + ATP a H;,O + 1/2 O; 
* = * * 
(8) H.O, dark H:O + 1/2 O 
endogenous catalase 
; 2 . light 
Sum: O, + 2H* + ADP + P+ 20H : 
(9) menadione 


* * 
H,O + 1/2 O. + ATP + H2O 1/2 O, 


We have previously called (6) reaction g an ‘‘oxygen- 
catalyzed cyclic photophosphorylation”’ because its over- 
all balance is the saine as that of cyclic photophosphory- 
lation (eg. 2). However, reaction g is, in fact, only a special 
case of noncyclic photophosphorylation, one in which 
molecular oxygen acts like ferricyanide in replacing 
TPN as the terminal electron acceptor (B in Fig. 6). 
What marks the pseudocyclic reaction g and points to its 
having a mechanism different from the truly cyclic reac- 
tion 2 is a dependence on oxygen. 

Vennesland et al. (67), have suggested that in chloro- 


plasts menadione usually catalyzes what is called here, 


the oxygen-dependent, pseudocyclic photophosphoryla- 
tion (eg. g), rather than the truly anaerobic cyclic type 
(eq. 2). Both reactions can be observed in isolated chloro- 
plasts, but under different experimental conditions (10). 
The two reactions can be readily distinguished experi- 
mentally. The pseudocyclic, but not the truly cyclic type, 
depends on the photoproduction of oxygen (eq. 7, 4 
and g) and, hence, requires chloride (10, 69), and is 
sensitive to two well-known inhibitors of oxygen evolu- 
tion in photosynthesis, CMU (71), (p-chlorophenyl- 
dimethyl urea), and o-phenanthroline (69). 
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From our point of view, the main interest in menadione 
as a Catalyst oi photophosphorylation lies not in its 
ability to catalyze an electron flow in which oxygen par- 
ticipates as a substitute electron acceptor for TPN 
(B in Fig. 6), but rather in its ability to catalyze a truly 
anaerobic cyclic electron flow in which oxygen does not 
participate at all (Fig. 1). The anaerobic cyclic photo- 
phosphorylation is a common denominator of plant and 
bacterial photosynthesis and is, thus, of fundamental im- 
portance, whereas the oxygen-dependent pseudocyclic 
type is merely a special case of noncyclic photophospho- 
rylation in chloroplasts. 


EXTRACTION OF QUINONES FROM CHLOROPLASTS 


In the investigations discussed so far, the role of 
quinones in photosynthetic reactions was studied by 
adding the compound in question to a preparation of 
isolated chloroplasts. The chloroplasts, themselves, were 
not treated in any special manner to enhance the effect 
of the added quinone. Another approach to the study of 
the role of quinones in photosynthetic reactions has been 
to extract or treat photosynthetic organelles so as to 
remove or deplete the native quinone compounds, cor- 
relate the treatment with a loss of photosynthetic activity, 
and restore the lost activity by adding a specific com- 
pound. 

French and associates (49, 55), observed that the 
photochemical activity of lyophylized chloroplasts, meas- 
ured by reduction of 2,6-dichlorophenol during illumi- 
nation of aqueous suspensions, was largely removed by 
petroleum ether extraction. The extracted chloroplasts 
were readily reactivated by 6-carotene but, ‘tin every 
case of reactivation by 6-carotene the effect was modest 
in comparison with the activity of unextracted plastids, 
as well as with the activation produced by adding back 
even small amounts of the petroleum ether extract” (55). 

Bishop (18), continued these investigations and, by 
purifying the petroleum ether extract of chloroplasts and 
commercially available carotene, ruled out the partici- 
pation of carotenes in restoring the ability of extracted 
chloroplasts to photoreduce Hill reagents. Instead, he 
found that ‘“‘menadione (vitamin K3;) is capable of re- 
storing the photochemical activity (reduction of Hill 
reagent and oxygen evolution) to extracted chloroplasts 
under conditions when the effect of purified a- and 
8-carotene is negligible by comparison.” The effect of 
added menadione or the naphthol derivative, vitamin 
Ks, was equal to that of the chloroplast extract itself, but 
the restored activity was still smaller than that of the un- 
extracted control. 

In later experiments Bishop (19), found, using a spec- 
trophotometric test, little, if any, vitamin K substances 
in the petroleum ether extract of chloroplasts. Instead, he 
found plastoquinone, which Crane (22) has shown to be 
concentrated in chloroplasts. As for reactivation of the 
Hill reaction in extracted chloroplasts, Bishop now re- 
ported that ‘‘qualitatively the effect of the new benzo- 
quinone (plastoquinone) is the same as that of the 
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naphthoquinones (vitamin K, and others). Quantita- 
tively, it is much more effective and, so far, the only 
compound which produces the same or even better rates 
of the photochemical reaction than the unextracted 
controls” (19). 

The results of Bishop agree with the findings of Crane 
that within the leaf plastoquinone is localized in chloro- 
plasts, and support Crane’s suggestion that, “plastoqui- 
none is not involved in respiratory electron transport, 
but that its function should be sought in photosynthetic 
electron transport” (22). Crane has also recently re- 
ported evidence for photoreduction of plastoquinone and 
photooxidation of the quinol in spinach chloroplasts (23). 
[There are, nevertheless, some exceptions to the rule that 
plastoquinone is always associated with chlorophyllous 
cells. Lester and Crane (45) found small amounts of 
plastoquinone in corn roots and cauliflower buds. They 
suggested that this may indicate potential development 
of chloroplasts in these tissues.| Crane (22) and Bishop 
(1g), found plastoquinone in chloroplasts of leaves and in 
algae—i.e., in oxygen-evolving cells—but not in photo- 
synthetic bacteria Rhodospirillum rubrum, Rhodopseudomonas 
spheroides and Chromatium, which carry on photosynthesis 
without oxygen evolution. Photosynthetic bacteria con- 
tain coenzyme Q—an interesting finding, since coenzyme 
Q is usually associated with cells noted for their aerobic 
metabolism (45), and photosynthetic bacteria include 
such strict anaerobes as Chromatium. 

That the addition of plastoquinone partly restores to 
chloroplasts, extracted with heptane, the ability to 
photoreduce a Hill reagent (2,3’,6-trichlorophenol 
indophenol) has also been recently reported by Krog- 
mann (44). However, Krogmann also found that the 
heptane-extracted chloroplasts lost most of their capacity 
for cyclic photophosphorylation of the type catalyzed by 
phenazine methosulfate. The addition of plastoquinone 
has, substantially, but not completely, restored this type 
of photophosphorylation. Krogmann’s preliminary pub- 
lication does not report whether plastoquinone was 
specific in restoring phosphorylating activity to heptane- 
extracted chloroplasts. 

There are several indications that photophosphoryla- 
tion in photosynthetic bacteria involves the participation 
of coenzyme Q and resembles, in this respect, oxidative 
phosphorylation by mitochondria (36). A stimulation of 
photophosphorylation by coenzyme Q isoprenologues in 
chromatophores of R. rubrum has recently been reported 
by Rudney (59). The phosphorylating activity of 
chromatophores, extracted with petroleum ether, could 
not be restored by the addition of coenzyme Q, or of the 
petroleum either extract itself. However, when the 
chromatophores were prepared from cells grown in the 
presence of diphenylamine, the addition of smaller iso- 
prenologues of coenzyme Q (CoQ, or CoQ:;) was effec- 
tive. Such chromatophores had a lower content of co- 
enzyme Q and were evidently structurally altered to be 
able to respond to added coenzyme Q derivatives. 

Support for the participation of coenzyme Q in bac- 
terial photophosphorylations has also come from experi- 
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ments with inhibitors. Hatefi et al. (38) have observed 
that antimycin A inhibits the reduction of coenzyme Q 
by mitochondrial preparations. Antimycin A _ also 
strongly inhibits bacterial photophosphorylation in 
chromatophores of R. rubrum (17, 33, 34). In the experi- 
ments of Rudney (59), the stimulation of bacterial photo- 
phosphorylation by added coenzyme Q» or Q; was com- 
pletely inhibited by antimycin A. 

Nozaki et al. (7, 57) have recently found with R. 
rubrum chromatophores that, antimycin A [also 2-heptyl- 
4-hydroxyquinoline-N-oxide (HOQNO); (cf. 17, 61, 
68)| inhibits not only cyclic photophosphorylation but 
also the noncyclic electron transport from succinate, 
which results in the photoreduction of DPN. This sug- 
gests that the cyclic and noncyclic electron transport 
chain in photosynthetic bacteria have, in common, an 
antimycin-sensitive site, analogous to that in the electron 
transport sector 6f mitochondria, that covers the span 
between cytochrome 6 and c, and where the participa- 
tion of coenzyme Q is envisaged (36). 

In bacterial photophosphorylations, the antimycin- 
sensitive site can be bypassed both for cyclic photophos- 
phorylation and for noncyclic photophosphorylation. 
Geller and Lipmann (34), and Baltscheffsky (17), have 
shown that antimycin inhibition of cyclic photophospho- 
rylation disappears almost completely in the presence of 
phenazine methosulfate. Likewise, Rudney (59), found 
that phenazine methosulfate, without the addition of 
coenzyme Q analogues, has restored photophosphoryla- 
tion to coenzyme-Q-depleted chromatophores, and that 
the phosphorylation catalyzed by phenazine methosulfate 
was relatively insensitive to antimycin A. As for noncyclic 
photophosphorylation in R. rubrum chromatophores, 
Nozaki, Tagawa, and Arnon (7, 57) have found that, in 
the presence of antimycin A, ascorbate (together with 
catalytic amounts of 2-6-dichlorophenol indophenol) 
served as the electron donor for the phosphorylation that 
was coupled with the photoreduction of DPN. This non- 
cyclic electron transport bypassed the antimycin-sensitive 
site (Fig. 7). 

We have suggested elsewhere (48), that in chloroplasts a 
quinone-like substance, perhaps plastoquinone, serves as 
the link in the electron transport chain (A in eq. 5 and 6) 
between the photooxidation of water (eq. 5) and the non- 
cyclic photophosphorylation reaction proper (eq. 6). It 
is possible that in noncyclic photophosphorylation in 
bacteria the site of coenzyme Q action in the electron 
transport chain is between the substrate and cytochrome 
ce. In cyclic photophosphorylation in bacterial chromato- 
phores, phenazine methosulfate would bypass this site by 
catalyzing the transfer of electrons from excited chloro- 
phyll to cytochrome c» (see Fig. 5). 


CONCLUDING REMARKS 


The experimental demonstration that isolated chloro- 
plasts are capable of carrying out complete photosynthe- 
sis independently of the organization of the living cell 
(2, 8), has permitted restricting the search for cofac- 
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tors of plant photosynthesis to the normal constituents 
of chloroplasts. A consideration of the role of quinones in 
photosynthesis must begin, therefore, with the question 
which quinone compounds are localized in chloroplasts? 

Until recently this was considered settled by the work 
of Dam’s laboratory, which established that vitamin K is 
localized in chloroplasts. Dam’s determinations of vita- 
min K were carried out by the curative blood clotting 
technique with vitamin K-deficient chicks. The validity 
or specificity of this test for vitamin K substances has not 
been challenged; plastoquinone has no blood clotting 
activity. 

In the more recent estimations of vitamin K in chloro- 
plasts, which led to negative findings, Crane (22), and 
Bishop (19), used spectrophotometric methods. Using th 
same method, Lester and Crane (45), found vitamin K 
in spinach leaves, alfalfa meal, green, and blue-green 
algae. Crane (personal communication), suggests that his 
failure to find vitamin K in chloroplasts may be due to 
a loss during extraction or because vitamin K in chloro- 
plasts is present in, or converted to, a non-quinoid form, 
such as naphthotocopherol, which is active in the chick 
assay but goes undetected by the spectrophotometric test. 
It seems, therefore, that, assuming equal purity of 
chloroplast preparations in the experiments of Dara and 
in those of Crane and Bishop, the negative findings for 
vitamin K of the latter investigators cannot be regarded 
as conclusive. 

The case for the localization of plastoquinone in 
photosynthetic tissues in general, and in chloroplasts in 
particular, has grown stronger since Kofler first de- 
scribed this compound in alfalfa in 1946 (42). The high, 
though variable, concentration of plastoquinone in 
leaves—it may approach 0.1—0.2 moles/mole of chloro- 
phyll (23)—would favor an important role for plasto- 
quinone in photosynthesis. Its role seems to be limited 
however, to plant photosynthesis, in which oxygen 
evolution occurs. In photosynthetic bacteria Crane (22, 
23), found no plastoquinone but coenzyme Q. We have 
suggested parallel functions for these two substituted 
benzoquinones in the photosynthetic electron transport 
chain in green plants and photosynthetic bacteria but 
final conclusions must await further work. Certain differ- 
ences may also be noted. Thus, photophosphorylations 
in bacteria, but not in chloroplasts (g), are sensitive to 
inhibition by antimycin A. 

It is not possible, in the present state of our knowledge, 
to assess the respective roles of plastoquinone and vita- 
min K in plant photosynthesis. It is possible that future 
research will assign specific functions to each in the 
photosynthetic apparatus of chloroplasts. The intensive 
investigation of vitamin K compounds in photosynthetic 
phosphorylation has been facilitated by their availability 
in a water-soluble form. This was not the case for the 
coenzyme Q substances. Improved techniques will, no 
doubt, be evolved which will further advance the study 
of the role of plastoquinone and coenzyme Q homologues 
in photosynthetic reactions. 

The identification of cyclic and noncyclic photophos- 
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phorylation in chloroplasts and bacterial chromatophores 
opened the way for studying the role of catalysts in the 
photochemical reactions of photosynthesis, without the 
involvement of the dark reactions of CO» assimilation 
(47, 65). Although it is premature to assign specific roles 
to individual compounds, present indications are that 
these photochemical reactions are catalyzed in vivo by 
one or more of the natural quinone compounds. In the 
current electron flow theory of the photochemical reac- 
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tions in photosynthesis (4, 6), quinone compounds as- 
sume special interest, because of their ability to accept 
electrons one at a time, by going through the semi- 
quinone stage. From that consideration alone, either 
naphthoquinones of the vitamin K type or benzoquinones 
of the plastoquinone or coenzyme Q types, or both, 
would be suitable participants in the photosynthetic 
electron transport chain. 


REFERENCES 


Avmguist, H. J. Nature, London 140: 25, 1937. 

Arnon, D. I. Sczence 122: 9, 1955. 

Arnon, D. I. In: Enzymes: Units of Biological Structure and 
Function, edited by O. H. Gaebler. New York: Academic 
Press, 1956, p. 279. 


. Arnon, D. I. Nature 184: 10, 1959. 
. Arnon, D. I. In: Handbuch der Pflanzenphysiologie, edited by 


W. Ruhland. Heidelberg: Springer, 1960, vol. 5, pp. 773-829. 


. Arnon, D. I. In: Light and Life, edited by W. D. McElroy 


and B. Glass. Baltimore: Johns Hopkins Press, 1961, pp. 
489-566. 


. Arnon, D. I. In: Photosynthesis Symposium. 5th Intern. Biochem. 


Congr. Moscow, 1961. 


. ARNON, D. I., M. B. ALLEN, AND F,. R. WuHat ey. Nature 


174: 394, 1954. 
. B. ALLEN, AND F. R. WHATLEY. Biochim. 
Biophys. Acta 20: 449, 1956. 


. Arnon, D. I., M. Losapa, F. R. WuHat.ey, H. Y. Tsujimoto, 


D. O. Hatt, anp A. A. Horton. Proc. Nat. Acad. Sci., U.S. 
47: 1314, 1961. 


. Arnon, D. I., F. R. WHatLey, AnD M. B. ALLEN. J. Amer. 


Chem. Soc. 76: 6324, 1954. 


. Arnon, D. I., F. R. WHatLey, AND M. B. ALLEN. Biochim. 


Biophys. Acta 16: 607, 1955. 


. Arnon, D. I., F. R. WHATLEY, AND M. B. ALLEN. Science 127; 


1026, 1958. 


. Arnon, D. I., F. R. WHat ey, AND M. B. ALLEN. Biochim. 


Biophys. Acta 32: 47, 1959. 

Avron, M., AND A. T. JAGENDORF. Nature 179: 428, 1957. 
Avron, M., A. T. JAGENDORF, AND M. Evans. Biochim. Bio- 
phys. Acta 26: 262, 1957. 

BALTSCHEFFSKY. H. Biochim. Biophys. Acta 40: 1, 1960. 

BisHop, N. I. Proc. Nat. Acad. Sct., U. S. 44: 501, 1958. 
Bisuop, N. I. Proc. Nat. Acad. Sci., U. S. 45: 1696, 1959. 
Cuow, C. T., AND B. VENNESLAND. Plant Physiol. 32 (Supp.): 


iv, 1957. 


. Crark, V. M., G. W. Kirsy, AnD A. Topp. Nature 181: 1650, 


1958. 


Crane, F. I: lant Physiol. 34: 128, 1959. 


. Crane, F. L. In: Ciba Foundation Symposium on Quinones in 


Electron Transport, edited by G. E. Wolstenholme, and C. 
M. O’Connor. London: Churchill, 1961, p. 36. 
Dam, H. Biochem. J. 32: 485, 1938. 


. Dam, H. Advances Enzymol. 2: 317, 1942. 


Dam, H. Am. J. Botany 31: 492, 1944. 
Dam, H., E. Hyortu, anp I. Kruse. Physiol. Plantarum 1: 


379, 1948. ; 
Dam, H., J. GLavinp, AND N. Nietsen. Zeilschr. Physiol. Chem. 
265: 80, 1940. 


Duysens, L. N. M., J. AMESz, AND B. M. Kamp. Nature 190: 
510, 1961. 

FRENKEL, A. W. J. Am. Chem. Soc. 76: 5568, 1954. 

FRENKEL, A. W. J. Biol. Chem. 222: 823, 1956. 

GarrFron, H. J. Gen. Physiol. 28: 259, 1945. 

Garrron, H. J. Gen. Physiol. 28: 269, 1945. 

Getter, D. M. Doctoral Diss., Div. Med. Sci., Harvard 
Univ., 1957. 


34- 
35: 
36. 
37: 
38. 
39. 
40. 
41. 


42. 


44. 
45- 
46. 
47. 
48. 


49. 


56. NAKAMCrO, 


62. 


63. 
64. 


GELLER, D. M., anv F. Lipmann. J. Biol. Chem. 235: 2478, 
1960. 

Goon, N., AnD R. Hitt. Arch. Biochem. Biophys. 57: 355, 1. 35- 
Green, D. E. In: Ciba Foundation Symposium on Quinones in Elec- 
tron Transport, edited by G. E. Wolstenholme and C. M. O’Con- 
nor. London: Churchill, 1961, p. 130. 

Harrison, K. Nature 181: 1131, 1958. 

Hateri, Y., R. L. Lesrer, F. L. CRANE, AND C. WIDMER. 
Biochim. Biophys. Acta. 31: 490, 1959. 

Hit, R., anp D. A. WALKER. Plant Physiol. 34: 240, 1959. 
JAcENDorF, A. T. Brookhaven Symposia in Biol. 11: 236, 1958. 
JAcENDorF, A. T., AnD M. Avron. J. Biol. Chem. 231: 277, 
1958. 

Kor.er, M. In: Festschrift, edited by E. C. Barrell. Basle: 
Hoffman-La Roche and Co., Ltd., 1946, p. 199. 


. Korter, M., A. LANGEMANN, R. Riiecc, U. Gtoor, U. 


ScHWIETER, J. Wirscu, O. Wiss, AND O. IsLer. Helv. Chim. 
Acta 42: 2252, 1959. 

KrocMann, D. W. Biochem. Biophys. Research Commun. 4: 275, 
1961. 

Lester, R. L., anp F. L. Crane. J. Biol. Chem. 234: 2169, 
1959- 

Lewis, G. N., anp D. Lipkin. J. Am. Chem. Soc. 64: 2801, 
1942. 

LosabA, M., A. V. Tresst, AND D. I. Arnon. J. Biol. Chem. 
235: 832, 1960. 

Losapa, M., F. R. WHattey, ano D. I. Arnon. Nature 190: 
606, 1961. 

Lyncu, V. A., AND C. S. FReNcH. Arch. Biochem. Biophys. 70: 
382, 1957- 


. Martius, C. Biochem. Zeit. 326: 26, 1954. 
. Martius, C. Proc. 3rd Int. Congr. Biochem. 


1955, Brussels. New 
York: Academic Press, 1956, pp. 1-9. 


2. MEHLER, A. H. Arch. Biochem. Biophys. 33: 65, 1951. 
. Meuter, A. H. Arch. Biochem. Biophys. 34: 339, 1951. 
. MEHLER, A. H., anp A. H. Brown. Arch. Biochem. Biophys. 


38: 365, 1952. 


. Miner, M., C. S. FrencH, AND H. W. Minner. Plant Physiol. 


33: 367, 1958. 
T., D. W. KroGMANN, AND B. VENNESLAND. 
J. Biol. Chem. 234: 2783, 1959. 


. Nozaki, M., K. Tacawa, ano D. I. Arnon. Proc. Nat. Acad. 


Sci., U. S. 47: 1334, 1961. 


. Perrack, B., AND F. LipmMann. In: Light and Life, edited by 


W. D. McElroy and B. Glass. Baltimore: Johns Hopkins 
Press, 1961, pp. 621-630. 


. Rupney, H. J. Biol. Chem. 236: PC39, 1961. 
. SHuNK, C. H., R. E. Erickson, E. L, Wonc, AnD K. Fokers. 


J. Am. Chem. Soc. 81: 5000, 1959. 


. Smrru, L., AnD M. BactscHeFFsky. J. Biol. Chem. 234: 1575, 


1959- 

Tuomas, J. B., ano A. M. J. Haans. Biochim. Biophys. Acta. 
18: 286, 1955. 

Tresst, A., AND H. Ecx. Z. Naturforsch. 16b: 44, 1961. 
Tresst, A. V., M. Losapa, AnD D. I. Arnon. J. Biol. Chem. 


234: 3055, 1959. 














1022 FEDERATION PROCEEDINGS Volume 20 
65. Tresst, A. V., H. Y. Tsujimoto, anp D. I. Arnon. Nature 69. Warsurc, O. Heavy Metal Prosthetic Groups and Enzyme Action. 
182: 351, 1958. Oxford: Clarendon Press, 1949, p. 213. 
66. Trenner, N. R., B. H. Arison, R. E. Erickson, C. H. SHunk, 70. WESSELS, J. S. C. Rec. trav. chim. 73: 529, 1954. 
D. E. Worr, anp K. Forkers. J. Am. Chem. Soc. 81: 2026, 71. WeEssELs, J. S. C. Biochim. Biophys. Acta. 19: 548, 1956. 
1959. 72. WessELs, J. S. C. Biochim. Biophys. Acta. 25: 97, 1957. 
67. VENNESLAND, B., T. NAKAMOTO, AND B. STERN. In: Light and 73. WessEts, J. S. C. Brochim. Biophys. Acta. 29: 113, 1958. 
Life, edited by W. D. McELroy anp B. Gtass. Baltimore: 74. WuaTLey, F. R., M. B. ALLEN, A. V. TResBsT, AND D. I. 
Johns Hopkins Press, 1961, p. 609. Arnon. Plant Physiol. 35: 188, 1960. 


68. Vernon, L. P., anv O. K. Asn. J. Biol. Chem. 235: 2721, 1960. 75. Wittiams, A. M. Biochim. Biophys. Acta. 19: 570, 1956. 








lume 20 


Action. 


D.& 








Personnel mobility of experimental biology 


RUTH HABEL 


Federation of American Societies for Experimental Biology, Washington D. C. 


, PURPOSE OF THIS REPORT is to present the details 
of geographic, employer, and primary function changes 
made by a selected group of 8054 experimental biologists 
between 1956 and 1958. Detailed personnel data were 
furnished by individual scientists, in response to ques- 
tionnaires sent by the Federation of American Societies 
for Experimental Biology, as one of the participating 
organizations in the National Register of Scientific and 
Technical Personnel. 

The information received from 8054 individual sci- 
entists, all postdoctoral level, in 1956 and again from 
those same individual scientists in 1958-1959, forms the 
basis of the study. The degree to which this sample is 
representative of the national situation has been pre- 
viously presented.' Since 6354 of the 8054 population 
indicated no pertinent changes over the two-year period, 
this study is restricted to the 1700 (21%) scientists who 
have indicated changes in one or more related areas. 
The majority of geographic changes recorded were from 
one metropolitan area to another; with a small minority 
shifting from one institution to another within the same 
area. Employer category changes involved those scien- 
tists who made a definite transfer in type of employer; 
i.e., University to Private Non-profit Organizations; 
Federal Government to Industry, etc. The extent to 
which scientists transferred from one primary function 
to another was determined by the type of activity re- 
ported on the two separate returns in 1956 and 1958 
by the individual scientists. 

The nature of the changes involved in this study might 
well be influenced by the stage of the professional career 
of the individuals involved. This would be reflected by 
the age distribution of the population which is given 
below: 


Age level 20-29 30-39 40-49 50-59 60+ 
Percentage of 2.2 37.5 34.1 15-5 10.77 
total 


It is readily seen that the population surveyed is 
representative of established scientists and _ includes 
relatively few in their early postdoctoral years. This 


'HaBet, R. C. Federation Proc. 17: 781-786, 1958. 


should be borne in mind in interpreting the results here 
presented. 


CHANGES IN STATUS BY FIELDS 


Over-all changes. Table 1 summarizes the changes in 
the three categories of geographic location, employer, 
and primary function in each of the six major fields of 
interest of the Federation of American Societies for 
Experimental Biology. Twenty-one per cent of all 
scientists in all these fields made some major change in 
the two-year period. Sixteen per cent changed their 
geographic location, 9% their employer, and 9% their 
primary function. The breakdown by fields shows a 
great deal of mobility in all categories in all six fields 
but certain ones had more than others. 

Under Change in Geographic Location, biochemists 
and pharmacologists had more changes, while nutri- 
tionists and microbiologists had fewer. Change of em- 
ployer was above average among the biochemists and 
pharmacologists, but below the average in nutrition 
and microbiology. A change of function was made moe 
frequently by physiologists, pharmacologists, and pathol- 
ogists, and less often by biochemists, nutritionists, and 
microbiologists. The proportion of biochemists, phar- 
macologists, and pathologists making any kind of change 
was higher than the average; physiologists were about 
the average while nutritionists and microbiologists were 
beiow the average. 

Thus, biochemists, pharmacologists, and pathologists 
did more shifting than those of other disciplines and 
nutritionists were the most stable group. Although 
biochemists changed their geographic location and 
employer more often, they were more stable as regards 
a change of primary function. 

Change in employer. Table 2 gives the details of changes 
made by scientists in each of the fields. Under each 
employer category heading are listed the number of 
scientists in each field that left that employer category 
and the number changing to it. The difference between 
these two figures in reference to the total number of 
scientists in that employer category in 1956 is the basis 
for calculating the percentage change. For example, 
under University, 93 physiologists employed in univer- 
sities in 1956 changed to a different type of employer, 














TABLE 1. Changes of Status of Experimental 
Biologists by Fields 


Geographical | Category | Function |with Any Sta-| Scien- 

Field —— Change Change tus Change | tists 

% * % # % *% % 1956 

Physiol. 425 |15-6 |243 | 8.9 |281 [10.3 | 535 |19.7 | 2712 
Biochem. 373 |20.5 |222 |12.2 |152 | 8.3 | 465 (25.5 | 1818 
Pharmacol. | 123 |19.3 | 70 [11.0 | 68 [10.7 | 156 |24.5 | 635 
Pathol. 119 116.8 | 68 | 9.6 | 83 [11.7 | 163 |23.0 | 706 
Nutr. 32 | 9.6 | 20 | 6.0 | 23 | 6.9 | 47 |14.2 330 
Microbiol. | 244 {13.1 |117 | 6.3 |147 | 7.9 | 334 |18.0 | 1853 
Totals 1316 |16.3 |740 | 9.1 1754 | 9.3 |1700 |21.1 | 8054 
whereas 8g who worked for an employer other than 


universities in 1956 shifted to universities. The over-all 
loss to universities of 4 physiologists is 0.2% of the 1707 
physiologists employed in universities in 1956. 

In interpreting the results of this detailed breakdown, 
it must be remembered that in the employer categories 
State Government and Self Employed, the number of 
scientists in each field is small so that a transfer of a few 
individuals is reflected as a relatively large percentage 
change. For this reason, in these categories individual 
figures have little or no significance. 
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It is obvious that the shifts from Universities, and 
especially from Federal and State Government, to 
Private Non-profit Organizations, Industry, and Self 
Employed are generally true in each of the scientific 
fields. There was more tendency for pharmacologists 
and microbiologists to transfer away from universities, 
whereas losses from Federal Government were greatest 
among the physiologists and pharmacologists. Losses 
from State Government positions were high in all fields, 
except physiology and pharmacology. Private Non- 
profit Institutions gained scientists in all fields, but 
microbiology was well below the average. Industry 
increased its employment in all fields, except nutrition 
and pathology, with major gains in physiology, phar- 
macology, and microbiology. 

In summary, physiologists, biochemists, and pharma- 
cologists tended to leave Government employment and 
to go into Private Non-profit and Industrial Organiza- 
tions and Self Employed categories. Microbiologists 
left Government for Private Non-profit Institutions and 
Industry. 

Changes in primary function. Table 3 shows the details of 
change of primary function by scientists in each field. 
The arrangement of this table is similar to that in Table 
2 and per cent change is on the basis of number lost or 
gained in reference to the total number of each t ype o 


TABLE 2. Gain or Loss of Experimental Biologists in Each Field by Employer Category 

University Federal Govt. State Govt. Non-Profit Industry Seif Employed 

Field Transfers Ry Transfers _ Transfers A Transfers " Transfers i" Transfers | . 
: Change Change a Change Change i ( hange ae G Change 

From | To From To From | To From | To From | To From | To | 

we pee a ee a 
Physiology 93 | 89 | —o.2| 80] 33 |—10.9| 7 9 | +3-7 | 40] 62] +7.6] 9 21 | +9.6 | 14 | 29 |+13.3 
Biochemistry 87 | 85 | —o.2 | 52] 37] —5-5 | 10 2 |—25.0|] 50] 72 | +8.4 | 22 23} +0.5| 1 | 3| +9-5 
Pharmacology | 33 | 25 | —2.3 18 | —9.2/] 5 i |=33.3 5 8 | +8.3 | 9 24 | +9.7]) © | 1 |+10.0 
Pathology 24 | 23] —0.3 17 9 | —6.8! 8 3 |—13.8 rg | 26 | +9.0] 3 o}|-~—7.8| 3 | 8 |+98.4 
Nutrition 9 7 | —0.9 4 3 | —2.1 I o |—20.0 4 9 |+27.7 2 0 | —4.9]| Oo | 1 |+12.5 

Microbiology 57 | 30 | —2.2| 27 17|—2.6| 7 5 —1.7 18 | 22 |) +2.6|] 6 35 |[t11.1 | 2 | 2] o 
Totals 303 | 265 | —2.1 | 198 | 110 | —6.7 | 38 20 —7.2 | 130 | 198 | +7.7 | 51 103 | +6.1 | 20 | 44 +12.4 


TABLE 3. Gain or Loss of Experimental Biologists in Each Field by Primary Function Category 
s g ‘ : So) 


Research 


Teaching Administration 


Research 


Administration 


Field Transfers Transfers — — 

2 Change = Change g Change s 
é To £ To £ To § To 
Physiol. g6 110 |+1.1 | 62 | 66 |+0.4 [13 | 47/+22.0} 8 [17 
Biochem. 53 | 67 |+1.1 | 37 | 43 |+2-2 [13 | 29/+10.8) 7 | 9 
Pharmacol. | 25 | 27 |+0.5 | 19 | 26 |+4.7 | 3 8 +8.4) 1 | 7 
Pathol. 10 | 35 |+8.5 | 12 | 5 |-3-41 5 | 27/+59-4] 5 | 8 
Nutr. 8} 5 |-1.6] 5 1 |—6.6 | 3.) 11/+17.7] 3 | 2 
Microbiol. 42 | 55 |+1-4 | 41 | 28 |—2.8 | 8 | 39/+19.1] 6 [18 
Totals 234 299 |+1.5 1176 169 —3.6 \45 161 +19.2\30 (61 


Clinical Research | Clinical Practice Consulting Other 












Trans- Trans- Trans | Trans- | 
fers fers fers | | fers | 
% % % | ee = 1 

|Change | _ Change Change | |Change | | |Change 

é To g To 5 | To | | g | To | 

a = a a —|— 
+10.2) 74) § |—55-7/ 5 135 |+17-6)11 | 5 |—21.4|12 | o |—48.0 
+3.7| 15] 1 |—50.0] o | 2 |+22.2/11 | 1 las .ais6 | Oo |—37-2 
+42.8) 13) 0 |—68.4| 1 | 0 | —4.5) 0 | 0 | o | 6] 0 |—30.0 
+8.5) 35) 1 |—38-6| 4 | 7 | +5.6) 8 | o |—33.3) 5 | 0 |—35.7 
=—5§.0] 2] 1 |—33.3|'0 | 1 |+14.2/:1 | © |—§0.0] 0 |-1 |--18m 
+8.0} 21| 0 |—37.5) 0 | 6 |+17.1)/10 | o —28.5)19 | 2 |—28.8 
x = (ites PO Pa kl a 
| +8.6)160) 4 |—48.o|10 [51 +13.8)41 | 6 "31.2 58 | 3 |—32-5 

1 | 
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, and TABLE 4. Changes es Status by Employer Cagery scientists in a given field in 1956. The numbers involved 
it, to sella ee == in some groups are too small to be significant in them- 
1 Self | Geograph- —__ | Primary iS" | a selves so only trends may be indicated. 
entific Employer in | Chants Tasee | Cle a= | — All fields, except nutrition, showed a slight increase 
logists _ | - See me ; in those engaged in Research. Biochemistry and phar- 
sities, Lae) G66 ls ba eae |’ % | 1956 macology had an increase in the number of teachers, 
reatest -— aso eeetis oles ‘aaa Gouna a i —| —|——|—— while pathology, nutrition, and microbiology showed a 
Losses University | 682/14. 9 |303 | 6.6 |gg1 | 8.5 905, 19.8 | 4568 decrease. Research Administration had _ substantial 
] | | | 
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TABLE 7. Changes of Status by Primary Function Category 


Individuals All 
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4 eos or RR f | Oe 
Admin, = 987.7) 25 | $010.5 55 15-5 | 359 
Clin. Res. | 10432.0 | 82 25.2 160 49.2 | 192 59.0 | 325 
Clin. Prac. 17/ 5.7 | 12 | 4.0| 10 | 3.3} 18|6.0| 206 
Consulting 22/19.0 | 13 11.6 | 41 |34.8 | 46 |41.0 | 112 
Other 23/13.6 | 8 | 4.7 | 58 |34.3 | 60 |35.5 | 169 

Totals 1316/16.2 |740 | 9.1 (754 | 9.2 1700 21.0 | 8054 


University Federal Govt. 


TABLE 8. Gain or Loss of Experimental Biologists in Each Employer Category by Primary Function 


State Govt. 


Primary Function Transfers 7 Transfers Transfers 
( “hange Change 

From To From To From | To 

Research 199 196 | —o.1 | 138 | 88 | —5.8 | 20 9 
Teaching 73.| 42) —14 5 1 |—18.1 I 4 
Res. Admin. 6 9 | +2.6/ 13 14 | +0.5 | 3 3 
Administration 2 2 ) 5 5 Oo 4 3 
Clin. Res. 15 2 |\—14.2 | 24 0 |-27.9 | 8 oO 
Clin. Practice 6 10 | +6.4 5 2 |—12.5 I I 
Consulting I Oo} —5-5 3 o| —9.0| 1 oO 
Other I 0] =. 5 o |-14.7 | © o 
Totals 303 | 265 | —2.1 | 198 | 110 | —6.7 | 38 | 20 


gories. The change of geographic location was greatest 
in those employed by the Federal Government, with 
State Government and Private Non-profit Organization 
employees also above average. Industry and Self-em- 
ployed categories were well below average. Those working 
for Federal and State Government and Private Non-profit 
Organizations had the highest ratesof change of employer, 
with University and Industry well below average. A 
change of primary function took place more often in 
Government and Private Non-profit Organization 
employees, although Universities and Industry were not 
very much below average. The proportion of individuals 
making any kind of change was high in all employer 
categories, being highest in Federal Government and 
well below average in Self Employed. 

Changes in employer. Table 5 gives the details of the 
employer changes made by those in each employer 
group. This table is arranged so that column 8 (Total 
Loss) shows the total number of scientists leaving the 
indicated employer and the horizontal lines indicate 
the new employer to which these people transferred. 
The horizontal line at the bottom of the table, therefore, 
gives the total number transferring to the indicated 
employer. The difference between total loss and total 
gain in reference to the number in each employer cate- 


Transfers : Transfers us Transfers 
Change Change Change Change 
From | To From | To From | To 
—14.1 93 | 138 | +8.0 | 38 go |+10.2 | 3 2 | —10%8 
33-3 3 12 |+31.0 | © oO oO 3 3 0 
oO 6 | 20 |+20.0| 7 io | +1.5 | © 1 |+100.0 
—1.4 I 7 13-6 | © i | +2.6/] 0 oO 0 
—24.2 16 4 \—12.7 | 2 0 |—1255 | 3 2| -752 
Oo 6 | 15 j+16.3 | o ) Oo @ | 27 | Tiga 
—5.5 4 1 |—18.7 3 O |—27.2 I 8 | +43.7 
o I I oO I 2|+1.7 |] 2 1| —5.8 
—7.2 | 130 | 198 | +7.7 | 51 103 | +6.1 | 20 | 44 | +12.4 
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gory in 1956 represents the percentage gain or loss, 
Column 10 (% turnover) is the sum of those leaving and 
entering a particular type of employment in relation 
to the total in 1956. 

Of the 303 scientists leaving Universities for other 
employment, most went to Private Non-profit Institu- 


tions with significant numbers entering Government and 
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Non-profit went chiefly to Universities but aso to Federal 


Government, Industry, and Self Employed. Industry's 
major loss was to Universities, as was also those originally 
Self Employed. 

In summary, Universities and Government lost post- 
doctoral level biological scientists to Private Non-profit 


Non-Profit Industry Self Employed 


and Industrial Organizations and to Self Employed. 
At the same time there was a great deal of exchange 
between different employer categories; i.e., between 
Private Non-profit, Universities, and Federal Govern- 
ment. Throughout this report, by Employer Change 
is meant the change in employer category. Certainly 
in the case of those employed in Universities there were a 
great number of changes of employment to a different 
university, but these changes were not included in this 
analysis. 


TABLE 9. Primary Function Change 


eis A 

<e|#lg¢ gi) 3/4 1 sa 

Primary S| oa Si (ee | S| = Gain | 55 
Functions P 8 ae| £ | el e|a/2| s or 3 
ele je |2/5/5/6/6] a | ss [x 
Research 131 | 66] 4] 0 /g1 | 2 lo 234 | +1.5/12-4 
Teaching 106 38 | 19 | 2 | 8] 1 | 2 |176 | —0.3/17.9 
Res. Admin. | 29 | 7 4}0}2}2/1 | 45 |+19.2\34.1 
Admin. 20| 2]/ 5 1} 2/0/|0| 30] +8.6)25.3 
Clin. Res. g2 | 21 | 31 | 16 | 0 | 0 | o |\160 |—48.0/50.4 
Clin. Prac. 2/ 3] o| 5/0 0 | 0 | 10 |+13.8)20.6 
Consulting | 20 I B97 1 il O | 41 |—31.2/41-9 
Other 30} 4|/13| 6)0/}4)]1] | 58 |—32.5)36.0 
eR Ny Po NG DG) PS a 

Total gain j299 |169 161 | 61 | 4 [51 | 6 | 3 |754 | 
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Changes in primary function. Table 6 gives the details 
of changes of primary function by experimental biologists 
in each employer category. The arrangement of this 
table is similar to Table 3. 

All employer categories, except Universities, showed a 
slight increase in those engaged in Research (1.5%). 


Under Teaching, obviously those employed by Uni- 
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employment type, as did General Administration in all 


but Industry, with over-all increases of 19% and 8% 


respectively. Clinical Research, Consulting, and Other 
functions lost personnel in every employer situation 
while Clinical Practice gained in all. The over-all loss 
from Clinical Research represented 48%. 

In summary, University biologists tended to shift 
from Clinical Research into Research Administration, 
General Administration, and Clinical Practice. The 
same trend existed in all five major categories with 
minor exceptions. Of particular interest is the tendency 
for marked increases in Research Administration, Gen- 
eral Administration, and Clinical Practice, with those 
in Universities, State Government, and Private Non- 
profit Organizations being well above average in this 
shift. 


CHANGES OF STATUS BY PRIMARY FUNCTION CATEGORY 


Over-all changes. Table 7 is similar in arrangement to 
Tables 1 and 4. An unusually high degree of geographic 
mobility occurred in Research, Clinical Research, and 
Consulting groups. These same groups also changed 
employers at a high rate, while those in the remaining 
functions were well below the average in this type of 
shift. Primary function changes were quite common 
among those engaged in Clinical Research, Consulting, 
and Other; with Teaching and General Administration, 
average; and Research, Research Administration, and 
Clinical Practice below average. 

In summary, Clinical Research and Consulting 
recorded an extremely high degree of mobility in all 
categories. Teaching, Research Administration, General 
Administration, and Clinical Practice were average or 
below average in all instances. The Research group, on 
the other hand, showed higher than average mobility 
from the standpoint of Geographic and Employer 
Change but were less likely to change their Primary 
Function. 

Changes in employer. Table 8 shows employer changes 
that occurred in the different primary function groups. 
‘Tae University population showed a slight decrease in 
all areas, with the exception of Research Administration 
and Clinical Practice. There was a tendency for experi- 
mental biologists in all functions, except the two types 
of Administration, to transfer from Federal Govern- 
ment. Private Non-profit Institutions and Industry 
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gained personnel in most functions, the losses being in 
Clinical Research and Consulting. The Private Non- 
profit Organizations gains were least in Research, 
whereas this function showed the largest gain in Industry. 

In summary, the primary function that had a consist- 
ent gain in all employer situations was Research Ad- 
ministration, whereas Clinical Research lost personnel 
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Primary function changes, Table gis simular in arvange: 


ment to Table 5, in that Column 10 (Total Loss) shows 
the total number of scientists leaving the indicated 
function and the corresponding horizontal line indicates 
the functions to which they transferred. The horizontal 
line at the bottom of the table, therefore, gives the totai 
number transferring to indicated functions. 

Of the 234 scientists transferring away from Research, 
the majority entered Teaching and Research Administra- 
tion. The greater proportion of those leaving the teaching 
profession transferred to Research and Research Ad- 
ministration. A small number of scientists left Research 
Administration for Research, as did those in General 
Administration. Clinical Research lost 48% of its per- 
sonnel, most of whom went into Research or Research 
Administration. Clinical Practice shows a gain; but 
here, again, numbers involved are so small as to be of 
doubtful value. Consulting and Other showed a signifi- 
cant loss, mostly to Research. 

In summary, Research Administration evidenced a 
substantial gain, and Clinical Research a considerable 
loss, as did Consulting and Other. The Research and 
Teaching personnel were fairly stable. 


SUMMARY 


The six major fields of experimental biology at post- 
doctoral level represented in this study show a high 
degree of mobility between different geographic areas, 
type of employer, and primary function. Of the same 
8054 respondents in 1956 and 1958, 21% indicated one 
or more changes. 

Changes in geographic location and employer cate- 
gory were made more frequently by the biochemists and 
pharmacologists. Physiologists indicated the highest 
rate of function change, while nutritionists and micro- 
biologists experienced the least change in all areas. 

Private Non-profit and Industrial Organizations 
showed the greatest gains in scientific personnel; Federal 
Government, the greatest loss. 

Research Administration recorded substantial gains, 
while Clinical Research indicated a sharp decrease. 
Research and Teaching remained fairly stable. 

A definite shift into Research Administration and 
Clinical Practice was apparent, as was also a shift from 
Clinical Research. The groups engaged in Research and 
Teaching remained fairly constant in size. 








FEDERATION STAFF STUDY 


i THE DIRECTION of the Federation and with the 
cooperation of all societies, a study was made of the 
attendance at the 1961 Federation Meeting. In addition 
to a detailed check of registration cards, each society 
was assigned a color for the badges of its members and 
non-members with a major interest in that particular 
society. The colored badges permitted a quick count of 
various society affiliates attending any particular sessions, 
with the tabulation reported by the chairman. A third 
check on attendance was made by requesting registrants 
to return postcards indicating the numbers of the sessions 
they attended. 

The analysis of the tabulations gave a good indication 
of points that need to be studied in greater detail. This 
study should be part of an investigation of the problem 
of oral communication between scientists. Some of the 
yuestions that should be answered will be raised after a 
brief presentation of the tabular data that are now avail- 
able. 


REGISTRATION 


There was a total registration of 12,577 at the 1961 
Federation Meeting. Of these, 2,852 were members; 
6,354 non-member scientists; and 1,420 graduate students. 
There were also 732 guests, 68 representatives of the 
press, and 1,151 exhibitors. Tables 1 and 2 show the 
breakdown of the registration of scientists at the meeting. 
Only 27% of the registered scientists were members of the 
Federation. The percentage of members of each society 
attending the meeting is calculated from the attendance, 
plus those with dual membership. 


ANALYSIS OF POSTCARD DATA RESPONSE 


Table 3 gives a breakdown of the number of cards 
received, the number that could be used, and the per- 
centage of usable returns from those registered. Some 
cards were not usable because the session numbers were 
not marked properly—society numbers only. Several 
that showed paper numbers, rather than session numbers, 
were decoded and used. 

In order to have comparable ratios between societies 
for judging crossover a weighting factor was used. This 
factor was multiplied by the actual number of attend- 
ances (taken from the cards) to determine the weighted 
attendance at any session or groups of sessions. This 
weighted attendance was used for all the calculations 
of attendance ratios. 


Society member interchange at Federation 
scientific sessions 





It will be noted that the return from members (66%) 
was quite good, especially for the two largest societies 
(25%), Physiology and Biochemistry. The return from 
non-members was expectedly much lower; in fact, too 
low to permit any significant calculations or conclusions. 


INDIVIDUAL CROSSOVER 


To obtain a general idea of what people as individuals 
did, the cards were sorted into those attending only 
sessions of their society affiliation, plus Intersociety 
Sessions, and those that showed a mixed attendance at 
various society sessions. 

Tables 4 and 5 show the percentage of crossover for 
both members and non-members. 

It will be noted that the two largest societies showed 
less crossover than the other societies, beth for members 
and non-members. Even with the largest societies the 
crossover by individuals was quite significant at approxi- 
mately 50%. 


ATTENDANCE CROSSOVER BY SOCIETIES 


All data in the remaining tables were taken from 
member cards only, since it was felt that the percentage 
return of non-member cards was not high enough to 
warrant analysis. 

In order to determine where members went, the 
weighted attendance figures for members of each society 
were compared for society crossover and also for area 












of interest. 

Table 6 shows the ratio of society member attendance 
at the various society sessions. As expected, Intersociety 
sessions showed a fairly good attendance from all groups. 

Each society supported its own sessions to a fairly 
high degree. This was especially true of Physiology, 
Biochemistry, and Immunology. 

Physiologists were interested in programs in Bio- 
chemistry and Pharmacology; Biochemists in programs 
in Physiology and Nutrition; Pharmacologists in pro- 
grams in Physiology and Biochemistry; Pathologists in 
Immunology, Biochemistry, and Physiology; Nutrition- 
ists in programs in Biochemistry and Physiology; and 
Immunologists in Biochemistry and Pathology. 















MAKEUP OF SESSION ATTENDANCE 





Table 7 shows the ratios of attendances at various 
sessions; i.e. the per cent at any session by societies. 
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The largest percentage of attendees at any session 
was that of the sponsoring society. There were members 
of every society at sessions of all societies, except that 
there were no Nutritionists at Immunology sessions. 


TABLE I. Member ber acamcnsanal 


ie Pro- 


i | 1 | 
| | | %of 
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The table shows some indication of paired interests— 
Physiology and Pharmacology; Biochemistry and Nu- 
trition; Pathology and Immunology. The geographical 
location of the sessions may have influenced the extent 
of crossover in some Cases. 


CROSSOVER BY AREA OF INTEREST 


Since the data showed a fair amount of crossover it 











| % of 
ted : ; : : 
Mem- | Dual oe a 1 | ated. | Total Total was of interest to determine if the crossover was due 
| bers lberahtp ‘ship Pro-| bership bership | — primarily to an area of common interest. The 270 sessions 
egis- * ° . . . 
| | | | Regis, | tration | tration were combined into groups showing relatively common 
——| . FRE Dh AE ROT interest regardless of society sponsorship. 
More than one | 372 | | | | | Table 8 shows the ratio of attendees at various ses- 
Society, paid | | | | | | sions, i.e. the percentage of attendance at a particular 
el ieee | | ?. | is category of sessions by societies. 
areline 771 |(157) | ge Bogie ME Again this pairing of interest shows up in 21 out of 33 
Biochemistry 784 |(201) | 883 | 55 31 8 . ae ees . 
Pharmacology | 342 |(149) | 416 | 46 | 15 4 cases, And again it proved that the largest attendance 
Pathology 191 | (43) | 212 | 33 | 7 2 is by members of the major sponsoring society or societies. 
Nutrition 201 | (161) | 280 | 38 io | 3 There is, however, a great deal of crossover and some 
~ctatanoaanddl a) a) 9 | hee indication that an integrated Federation program might 
Total for Fed. | 2852 (758) | wie | | 100 | 947 be helpful. ; \ : ; 

ERS TAB ioaligipesdibegs eae The data give some guide lines for planning future 
Federation meetings, whether they be _ integrated, 
staggered by societies over a longer period of time, or 

TABLE 2. Non-Member din. setatotin divided into groups of societies or groups of area interests. 
: ok sein: : Table g shows the ratio of area interest of members 
| Non- | % of attending the meetings. Only 2% or more of member 
Non- | ™€™ | Grad- |Graduate; Total | Total = ale * ; 
perin | bers | ‘uate {Students | Non- | Scientific attendance is recorded. This} table shows the major 
Dual ist dent Dual | yy Near email ‘ . f 
be Oe | eee | Oe) ee areas of interest of various members. It shows the ratio 
- | sp & al of attendances of any particular society’s membership 
" aa re i ata, he r at the various sessions of a specific interest. also in- 
re | an tie 8 at the various sessions of a spec fic interest. It 
Society, paid | | dicates what their major interests are. 
registrations | | 
Physiology 11,381 | (230)| 346 (55) | 1,727 16 ; 
Biochemistry 2,535 | (441)| 560 (69) | 3,095 29 BADGE COUNT 
Pharmacology | 67 (183)| 206 (20) 885 8 , , ‘ ; 
Pathology R oe | (104)| 73) (16) 385 4 A total of 20 chairmen did not submit reports of their 
Nutrition 177 | (141)} 42 | (34) 219 2 sessions and 23 of the 250 reports received did not con- 
monunology Susy Oe) Oe 6 tain sufficient data on attendance. Many of the sessions 
| 7 ie Rag Foe Ny were too large to make a count of badges practical, and 
Total for Fed. 6 7 )} 1,420 | (213) ; ‘ : S é . 2 
“2 sad lilt . e we bie ae < in several rooms, due to pillars and other obstacles, 
TABLE 3- — 
Members | Non-Members 
Society | Mernibars | Member Usable |Weighting fac tor| % of registered | Non- Non-mem- | Usable non- |Weighting factor %% of registered 
[xia ‘a* | cards member | to compare ses- | members | members ber cards member | to compare ses- | non-members 
| Tegistered” | received | cards | sion attendance | who replied | registered | received cards sion attendance | who replied 
ites EE Seneenan NeNSenNs Penner CONNESSNUSM MEMINRURE Si peclemaaiee sbiacisips ae 
| me pe | . 
Physiol. | 848: | -G8o, | Gua | roo | 77 | 1727 509 485 1.76 28 
Biochem. | 883 671 629 1.04 71 |} 3095 gio 854 1.00 28 
Pharmacol. | 416 250 225 2.91 54 885, 216 202 4-23 23 
Pathol. | 212 126 | 116 5-64 55 | 385 96 74 11.54 19 
Nutr. | 280 16a | 996 4.84 | 48 | 219 76 66 12.94 30 
Immunol. | S18> (<i). .152 | 130... | 5-03 | 61 | 658 | 179 148 | 5-77 22 
Fed. at large | | 805 | 147 135 6.33 17 
EP aenares: ere ay | | | ay eee: Sri Pian Warn ame Bren RTT) Kolar tray a 
Totals | 2852 | | 1889 66 7774 1964 | 25 





“4 ‘Dual “memberships prorated. 
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TABLE 4. Member Crossover* 
Attended ee 
; ; That Mixed co Th: 
Society yen A . did not attendance or Totals 
tant mix (crossove: ) 
Physiol. 313 48 341 52 654 
Biochem. 346 55 283 45 629 
Pharmacol. 60 27 165 73 225 
Pathology 22 19 94 81 116 
Nutrition 32 24 103 76 135 
Immunology 56 43 74 57 130 
Totals 829 44% 1060 56% 1889 
* Determined by checking sessions on cards. 
TABLE 4a. Extent of Individual Member Crossover 
Number of Other Society Sessions Attending 
Total 
Society Number 
5 or (Table 4) 
I 2 3 4 D more 
Physiol. 33% | 24 12 10 7 14 341 
Biochem. 47 1g 14 7 3 10 283 
Pharmacol. 27 16 17 13 8 19 165 
Pathology 16 20 16 18 14 16 94 
Nutrition 27 18 16 15 8 16 103 
Immunology 14 26 12 4 5 16 74 


Example: 47% of the individual members of Biochemistry 
who mixed, attended only one other session than Biochemistry 
or Intersociety. 

Physiology, Biochemistry and Immunology showed the least 
amount of crossover (Table 4). A large percentage of those who 
crossed over, did so for only one session (Table 4a). 


TABLE 5. .Von-Member Crossover* 


Attended 


: . : % That Mixed ee 
Soc pA keel —~, i aid not a Piso Totals 
tersoc. ‘ 
Physiol. 260 54 225 46 485 
Biochem. 419 49 435 51 854 
Pharmacol. 74 a7 128 63 202 
Pathology 13 18 61 82 74 
Nutrition 19 29 47 71 66 
Immunology 64 43 84 57 148 
Fed. at Large 135 100 135 
Totals 849 43% 1115 57% 1964 


* Determined by checking sessions on cards. 


accurate counts were impractical. There were, however, 
several very accurate counts made by chairmen, but 
there could be no differentiation between members and 
non-members. 

The reports did give a very clear indication of cross- 
over, and the colored badges served the purpose at the 
meeting of making people aware of the amount of cross- 
over, particularly in certain sessions. 
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TABLE 6. Attendance Crossover by Socteties 
(Where did Society Members go?)* 


Sessions 


Society Attendees 


Inte: Bio Phar Im- 


soc Physiol.) chem. | macol. | Pathol.| Nutr. | punot, 
Physiol. 19% 61 10 4 3 I I 
Biochem. 14 5 71 3 I 4 2 
Pharmacol. 31 16 10 38 3 I I 
Pathology 2 8 10 3 39 2 14 
Nutrition 20 6 20 I 2 50 te) 
Immunology 12 I 10 2 4 I 70 


* Read across. Example: 16% of total weighted Pharma- 
cology attendees were at Physiology meetings. 


TABLE 7. Makeup of Session Attendance 


(% of Session Attendance by Societies) 


Sessions 

Society Attendees ly 
Inter- |p). .; Bio- Phar- | p, : Im- 

soc. |Physiol.| chem. | macol. | Pathol.| Nutr. | runol, 
Physiol. 16% 62 7 8 5 I I 
Biochem. 12 5 56 5 3 7 2 
Pharmacol. 26 17 7 75 6 I 2 
Pathology 18 8 7 5 73 3 15 
Nutrition 17 6 15 3 4 87 oO 
Immunology 10 I 7 3 8 oO 79 


* Read down. Example: 15% of the weighted attendance at 
Biochemistry sessions were Nutritionists. 


Examples of crossover, as reflected in the midway 
session count from the chairmen’s reports, show that 
in some cases the attendance from other disciplines was 
substantial. 


COMMENTS FROM CARDS 


Comments written on the returned cards were grouped 
into four categories: 7) remarks relative to the size of the 
meeting; 2) those relative to an integrated Federation 
program; 3) comments on sessions; and 4) general 
observations. The following summarizes the major 
comments. 

1) Most comments indicated dissatisfaction with the 
size of the meeting and the number of papers. Suggestions 
included some to reduce the number of 10-min papers by 
editing or permitting a member to sponsor a paper only 
every other year; reducing the number of 10-min papers 
and having more symposia and panel discussions. 

2) Many members felt that the Federation program 
should be arranged by topics and not by societies. This 
might avoid some of the conflicts of interest in sessions. 
There was also the feeling that it was advantageous to 
have all societies meet together if this was at all possible. 

3) Many felt that the exhibits and movie sessions 
should remain open evenings, with a printed time 
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rABLE 8. Area of Interest (% of Session Attendance 
by Societies) 


No. of Society 
Indi- |— . a one 


vidual ; 
Sessions | Physiol. Bio- | Phar- 


General Area of Interest 


Pathol. Nutr. 


chem. |macol. munol. 
Amino Acids 7 2 29 2 3 | 62; 2 
Antibodies 14 I 3 2 18 I 76 
Blood II 14 11 6 | 43 6 | 20 
Carbohydrates 8 | 10 55 7 a. | £é 2 
Cardiovascular 24 | 28 6 | 27 | 21 17 I 
Cellular & Tissue 13 5 11 12 | 36 4 ! 32 
Drugs 4/7 13 | 70} 4| 6] o 
Electrolyte & 6 | 37 go | 16 Cam 2 
Trans. 
Endocrines 15 | 34 20 | 21 15 8 2 
Environ. Physiol. 6 | 63 3 12 2 | 20 o 
Enzymes 18 6 57 8 I 25 3 
Gastrointestinal 12 15 8 Il 42 | 23 I 
Genetics 2 3 53 9 9 5 | 2 
Lipids & Steroids 13 7 32 6 8 46 I 
Mineral & Bone 3 4 4 2 2 | 88 oO 
Muscle 5 | 57 12 | 23 4 4 oO 
Neuropharmacology 20 9 5 | 82 I 2 I 
Neurophysiology 10 | 66 $ 25 4 I 3 
Nucleic Acids 8 6 58 8 8 | 11 
Proteins 12 5 50 3 9 | 20 13 
Radiation & 4 | 22 17 ra. | 32 13 4 
Radiobiology 
Renal & Water 10. |. 34 S| 25-5) 34 5 I 
Respiration 9 | 8&8 I 8 3 3 I 
Toxicology 4 9 7 | 58 | 18 3 5 
Tumors & Cancer 6 3 6 6 | 50 1 | 34 
Viruses 7 I 3 2 20 I 73 
Vitamins 4 |, ro I I 87 o 
Physiol. General 5 | 51 ae) 9 | 15 2 
Biochem. General 4 | 10 49 | 14 6 | 415 6 
Nutrition General a ae a I 3 | & I 
Pharmacol. General I 0 9 | ee 9 o | 29 
Patho!. Movies I 7 7 o | 8 | o oO 
Fed. Movies I 30 8 | 28 | 13 21 o 


Read across. Example: 18% of those attending the antibody 
sessions were Pathologists. 





schedule for the programs. There were several compli- 
mentary remarks on the excellent management of the 
meetings by the Federation Staff and, considering the 
number of papers, the excellent programming. 

4) Among general suggestions was a strong recom- 
mendation by many that abstract numbers appear in 
the program and that all morning sessions, regardless 
of society, be listed together. This is another indication 
of an apparent de.ire for integration. 


FURTHER STUDY NEEDED TO ANSWER PERTINENT QUESTIONS 


All of the compilations tabulated above represent the 
cooperative efforts of chairmen of sessions, members and 
non-member scientists who sent in postcards, and the 
Federation staff. The thanks of the Federation are ex- 
tended to all of those who made this study possible. 

The effectiveness of our present system for oral com- 
munication among scientists needs a careful study in 
depth. Mechanisms of scientific meetings for direct 
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TABLE 9. Ratio of Area Interest of Members 
(2% or more) 


Members 
Area of Interest Prsortesl & 
0 physiol Ble, | PhS Pathot| Nutr. gM 
Amino Acids 7 4 9 
Antibodies 14 2 If 44 
Blood II 2 : 7 S$ 
Carbohydrates 8 6 2 
Cardiovascular 2 17 3 16 13 10 
Cellular & Tissue 13 3 3 11 9 
Drugs 4 4 
Electrolyte & 6 5 4 2 2 
Trans. 

Endocrines 15 11 6 6 5 2 
Environ. Physiol. 6 4 
Enzymes 18 2 14 2 ‘j 
Gastrointestinal 12 4 2 3 12 6 
Genetics 2 2 
Lipids & Steroids 13 2 2 3 14 
Mineral & Bone 3 7 
Muscle 5 4 2 
Neuropharmacol. 20 4 2 35 
Neurophysiol. 10 9 3 
Nucleic Acids 8 a} 4 2 2 2 3 
Proteins 12 14 3 5 4 
Radiobiology a 
Renal & Water 10 7 4 7 
Respiration 9 12 
Toxicology 4 3 
Tumors & Cancer 6 9 6 
Viruses 7 , 24 
Vitamins 4 II 
Physiol. General 5 5 
Biochem. General 4 4 
Nutr. General 4 12 
Pharmacol. General I 
Pathol. Movies I 
Fed. Movies I 


Read down. Example: Of the total attendance records of 
APS members, 17% were interested in cardiovascular sessions. 


presentation of research findings have not changed 
greatly in essence over the past 50 or more years. There 
have, however, been some improvements and minor 
changes. Meetings have grown greatly in size and 
number with consequent complications, distracting 
attractions, and restrictions on the number of papers 
that can be presented. Difficulties in the so-called 
“corridor” personal contacts and exchanges have in- 
creased with the increasing number of scientific papers, 
to such an extent that persons having similar interests 
may sometimes be located in widely separated conference 
rooms. The basic need and desire of scientists to com- 
municate with each other face to face has not changed, 
however, and has probably increased. 

The size of the Federation meeting is certainly not 
due to member attendance, and the majority of papers 
presented are not presented by members. Many of 
these, however, have member co-authors, and all have 
member sponsorship. One question that arises is whether 
the annual meeting is primarily for the benefit of mem- 
bers or for non-members. while both should be served, 











TABLE 10. Chairman’s Report* 


Physiology 

20 Gastrointest. 175 | 20} 10] 10] 20 O | 235 
absorp. 

23 Hypothalamus 250 | 24 | 46 5 8 0 | 333 

73 Active transport | 350) 50 3 oO oO 0 | 403 

128 Neurochemistry 20} 40] 10 o o I 71 

131 Hypertension 80} 15} 20] 12 I o | 128 

187 Reproduction 75 | 30] go] 10 5 0 | 150 

241 Lipids: fatty 26 | 44 4 I 12 o| 8 
acids 

Biochemistry 

27 Peptide hormones | 150 | 500 | 100 oO oO 0 | 750 

31 Mitochondria 20 | 100 | 20 re) o o | 140 

139 Hormones and 31 | 240 | 38 2 8 0 | 319 
metab. 

194 Lipid metabolism | 17 | 167 3 oO 6 I | 194 

201 Carbohydrate 80 | 140 5 o I 0 | 226 
metab. 

206 Lipid chemistry 14 | 194 8 2 7 O | 225 


Pharmacology 
38 Cellular and 


biochem. 
pharmacol. 
g6 Anesthetics 5 | 15 | 35 5 I 1 | 62 
97 Drug metabolism I 13.| 29 o 3 o 646 
209 Renal pharma- 15 66 Oo Oo o| 85 
cology 
263 Gastrointest. 12| 10] 15 oO o 0} 437 
pharmacol. 
Pathology 
43 Tissue response I 4 5 6 | 32 2 7 | 56 
102 Tissue response II} 0 | 23 5 | 32 4 o}| 64 
105 Neoplasia 5) 25 0. 60 0} 10! 100 
216 Hematology 5 | 22 I 19 3 4| 54 
264 Radiation 10 3 I 10 fe) 1) 25 
Nutrition 
47 Lipids and 3, 36 oO 0. 40 4| 83 
steroids 
49 Vitamin Bi2 | 3 I 0} 53 0! 93 
165 Nutrition: 5 | 27 3 6 | 28 o 69 


Gastroent. 


and path. 

166 Symp.—Action 10 | 205 4 2| 75 1 | 297 
of vitamin K 

223 Symp.—Nutri- 31 47 3 5 | 175 O | 233 
tional signifi- 
cance of 
selenium 

Immunology 

52 Transplantation 4 | 16 I 2 o | 86 | 109 

169 Infection and 4 6 2) 10 o}| 58) 80 
resistance 

170 Antigens and | 10] 50 o| 10 0 | 300 | 370 
antibodies 

225 Antibody forma- | 0, 10 Oo} 50 0 | 300 | 36¢ 
tion II 

226 Viruses III 1 | 20 I 7 o | 150 | 179 


* This table is based upon mid-session badge counts by the 
chairmen. 
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is the high percentage of non-member registration in- 
dicative of the fact that a great many probably qualified 
people enjoy benefits of the Annual Meeting without 
membership obligations? 

Another question has been raised. Should non-mem- 
bers, except graduate students, be charged a higher 
registration fee than members? Non-members have 
practically all the privileges of members without the 
obligations of membership dues and journal subscription. 
The huge size of the Annual Meeting is due primarily 
to the large registration of non-members. 

There is another question. Should areas of general 
Federation interest run all week in the central audi- 
torium? There are about a dozen of these as shown in 
Table g. Further analysis should show where a number of 
sessions of primary interest to two societies might be 
held in hotels that are situated close together. 

Since the Federation is made up of research workers, 
it seems appropriate that some research should be done 
on the means of presenting research. The experimental 
design of a study might include the following specific 
aims: 

1) Determine and analyze direct and contributory 
factors that have influenced the growth of the Federa- 
tion’s Annual Meeting and the Autumn meetings of two 
of its member societies. 

2) Analyze past program and session structure, in- 
cluding programming and procedures, to organize 
others for an experimental trial period. 

3) Utilize computer programming to determine the 
practical limits of their usefulness and the amount of 
intellectual effort needed at the input and output stages 
to supplement the work of the machine. 

4) Develop categories and new classification to fit 
developing areas of research both for arrangement of 
papers in sessions and for classifying the abstracts of 
papers presented. This could include machine indexing 
of titles. 

5) Study and make recommendations to the Federa- 
tion Board and the Federated Societies on such matters 
as the Annual Meeting, possible regional scientific 
meetings, conference and panel type discussions, balance 
in the program between submitted 10-min papers and 
longer invited papers, and other matters of arrange- 
ments, facilities, and publications. 



































REPORTS TO THE FEDERATION 








It is planned to publish at least on an annual basis in 
FEDERATION PROCEEDINGS results of these studies, to 
stimulate the interest and cooperation of the Federation 
membership and of scientists attending our meetings. 





























Volume 20 


ation in- 
qualified 
~ without 


on-mem- 
a higher 
ers have 
hout the 
scription. 
primarily 


f general 
ral audi- 
shown in 
umber of 
night be 


workers, 
be done 
‘rimental 
r specific 
tributory 
 Federa- 
gs of two 


ture, in- 
organize 


mine the 
nount of 
ut stages 


yn to fit 
ement of 
tracts of 
indexing 


- Federa- 
1 matters 
scientific 
, balance 
pers and 
arrange- 


| basis in 
idies, to 
-deration 
-etings. 








Index to Volume 20 


Abstracts of papers, 45th Annual Meet- 
ing, I 

Acetylcholine turnover, 562 

Avey, W. R., 617 

ALLEN, E. H., 962 

ANFINSEN, C. B., 634 

Approaches to study of disease, 845 

Arnon, D. I., 1012 


Bacteriophage and deoxyribonucleic acid, 
661 

Baronowsky, P., 921 

Barker, H. A., 956 

Behavior, nervous mechanisms, 628 

Biological Chemists, Society of 
abstracts, 1961 meeting, 1 
committees and representatives, 716 
constitution and bylaws, 717 
editorial board, 716 
membership, 832 
officers, 716 
program, 1961 meeting, 465 

Biocu, K., 921 

BorGstROM, B., 928 

Borison, H. L., 594 

Brain 
lesion and learning, 609 
mechanisms and learning, 617 

Brewer, N. R., 917 

Bronte, A. F., 955 

Brooks, V. B., 569 

Brung, G. G., 889 


Riiecneniies disease, aldosterone, renin, 
hypertension, juxtaglomular cells, 845 
Caspersson, T., 858 
Cass, J. S., 907 
Cell injury and viruses, 656 
CurisTENSEN, L. R., g12 
Ciarkson, T. B., 915 
Cobamide coenzymes, structure and func- 
tion, 956 
Coenzymes 
mechanism of action, 956 
transamination, 978 
Conen, B. J., gor 
Counen, S. S., 641 
Cotter, J. S., 650 


a in livestock and selenium, 679 


Dorsy, E. A., JR., 989 


Fetects of hallucinogenic drugs, 874 
Electron transport and vitamin K, 1005 
E.tem, K. A. O., 650 

Enzymes, biotin, 982 

Exhibitors, 1961 annual meeting, 56¢ 


Fatty acids, 

biosynthesis, 22 

biosynthesis and metabolism, g21 

synthesis and metabolism, 952 
Federation 

Board, 1961-1962, 705 

committees, 1961-1962, 705 

constitution and bylaws, 709 

deceased members, 737 

executive committees and boards, former, 

795 
financial reports, 703 
intersociety sessions, 45th annual meet- 


ing, 457 

Joint Session, 45th annual meeting, 477, 
845 

membership, alphabetical, 739; geo- 


graphical, 807; by Society, 827 
Placement Service, 711 
representatives to other organizations, 
795 
Furtu, J., 865 


ius, R., 603 

GeorceE, E. P., 928 

GesLer, R. M., 587 

GiarmaN, N. J., 897 

GinsBero, H. S., 656 

GoxprinE, H., 921 

Grant, A. B., 679 

GREULL, G., 971 

Growth, normal and abnormal, 858 


— R., 1023 
Har ey, W. J., 679 
Hartrort, P. M., 845 
Hartrort, W. S., 845 
Hemicholiniums, 561 
respiration, effect on, 594 
Herrick, C. J., 628 
Hmwicu, H. E., 874 
Hoppe, J. O., 587 
Housing, animal, 917 
Hypoprothrombinemia, nutritional, 989 


Lensecesbeaien Association of, 
abstracts, 1961 meeting, 1 
committees and representatives, 734 
constitution and bylaws, 734 
editorial board, 734 
members, 842 
officers, 734 
program, 1961 meeting, 474 

Interchange, society member, 1028 


Jenxins, W. T., 978 
1033 


a Y., 982 
KEnnepy, E. P., 934 
Kety, S. S., 894 

Kidney, histochemistry, 855 
Krampi7z, L. O., 971 


Lae animals 
small, space requirements, 919 
use and care, gol 
Learning and behavior, neurophysiology, 
601 
LENNARZ, W. J., 921 
Luawon, W. T., 883 
Licut, R., g21 
Lipids, biosynthesis, 934 
Liver dehydrogenase, mechanism of, 967 
Livincston, R. B., 601 
Lone, J. P., 583 
Lynen, F., 941 


[| F. C., 562 
Martin, A. R., 579 
McManus, J. F. A., 855 
Meap, J. F., 952 
Metabolic function, 641 
Metabolism 

chylomicron, 928 

lipid, g21 
Metal-binding, biological aspects (Suppl. 

10, September), S1-262 

Motivation and learning, 603 
Mut, O. H., 689 


N. ervous system, peripheral, 583 
NEsHEmM, M. C., 674 
Neuromuscular block, 569 
Norris, A. T., 921 
Nucleic acids, interaction, 650 
Nutrition, Institute of 
abstracts, 1961 meeting, 1 
committees and representatives, 728 
constitution and bylaws, 729 
editorial board, 728 
members, 840 
officers, 728 
program, 1961 meeting, 472 
Nutrition, Proceedings of Fifth Interna- 
tional Congress on (Suppl. 7, March) 


S1-415 


| S., 982 

OLpFIELD, J. E., 689 
Otivecrona, T., 928 
Orxanp, R. K., 579 
OstFELD, A. M., 876 


P athology, Society for Experimental, 
abstracts, 1961 meeting, 1 
committees and representatives, 725 











1034 


constitution and bylaws, 725 
members, 838 
officers, 725 
program, 1961 meeting, 470 
Personnel mobility in biology, 1023 
Pharmacology and Experimental Thera- 
peutics, Society for, 
abstracts, 1961 meeting, 1 
committees and representatives, 721 
constitution and bylaws, 722 
editorial board, 721 
members, 836 
officers, 721 
program, 1961 meeting, 468 
Phosphorylation, vitamin K and _ other 
quinones, 955 
Photosynthesis, vitamin K and other qui- 
nones, 1012 
Physiological Society, 
abstracts, 1961 meeting, | 
committees and representatives, 712 
constitution and bylaws, 713 
editorial boards, 712 
members, 827 
officers, 712 
program, 1961 meeting, 461 
Placement Service, 711 








FEDERATION PROCEEDINGS 


Protein structure, genetic control, 634 
PscHEIDT, G. R., 889 
Pyruvate and vitamin By, 962 


Pessina, J. C., 962 
Radiation and aging (Suppl. 8, July), S1- 
46 

Remmert, L. 

Research, 
choice of animals, go2 
quality of animals, 907 

Rossins, C. F., 632 


F., 689 


Sianecnainare, G., 921 
Schizophrenia, amines, 889, 894 
Scumipt-NIELSEN, B., go2 
ScHUBERT, J. R., 689 
ScHUELER, F. W., 561 
ScHWARzZ, K., 665, 666 
Scott, M. L., 674 
Selenium 
compounds, nutritional effects, 674 
development and status, 666 
nutritional significance, 665 
Shock, recent progress and present prob- 
lems, (Suppl. 9, July) S1-237 











Volume 20 





SurirT, A., 695 

SINSHEIMER, R. L., 661 

SPeRRY, R. W., 609 

Sulfur and selenium, biochemical interrela- 
tions, 695 

Suzukl, I., 971 

Szara, S., 885 


‘Dene H., 967 
Thiamin diphosphate, role of, 971 
Tuies, R. E., 569 
Tuorp, W. T. S., 919 
Training 
animal medicine, 915 
caretakers, g12 
Neuromuscular transmission, 579 
Tryptamine derivatives, hallucinogenic 
effects, 885 
Tumors, etiology and pathogenesis, 865 


View biochemistry of, 632 
Visual perception, tests of, 876 
Vitamin K, role and action, 989 


White muscle disease, 689 
Wosrtait, W. D., 1005 















Volume 20 


interrela- 





9 


inogenic 





3, 865 











efficient 4-input, 400-channel pulse herght 
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paper tape punch. Add these facts (and the moderate price of the in- 
strument) to the versatility suggested by front panel photo — and you 
have the reason for the TMC 404’s popularity. Write for Bulletin 400. 
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also employed. Each embodies the same essen- 
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which continually forces the churning material 
into the rapidly rotating, sharpened stainless steel 
blades. For complete details including capacities 
and prices, write for Catalog 60G. 
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EXPERIMENTAL IMMUNOLOGY 


This new book fills the need for a comprehensive source of instructional procedures to be used 
in teaching the laboratory aspects of immunology. Each experiment has an introduction of the 
major principles involved as well as pertinent re ferences. An important feature is the expen- 
mental approach wherein the student arrives at conclusions only after examining the data 
from the completed experiment. The appendix lists laboratory supplies and equipment neces- 
sary for each experiment. 
by Robert G. Burrell and Carmine C. Mascoli, West Virginia 
University School of Medicine, January 1962, price open. 


ELEMENTARY BIOCHEMISTRY 


The emphasis on comparative biochemistry of animals, plants and microorganisms adds to the 
effectiveness of this book and makes it attractive to instructors in widely differing fields. Iti: 
designed for students at the second semester sophomore or higher levels who have had genera 
chemistry and some organic chemistry. The wealth of illustration will help the student to leam 
and to keep him interested. 


by Edwin T. Mertz, Purdue University, 1959, 300 pages, 
spiral bound at $5 50, cloth bound at $6.50. 


EXPERIMENTAL PHARMACODYNAMICS 


The fundamental principles of pharmacology are presented in this comprehensive book writte 
for medical, dental, pharmacy, veterinary and graduate students. It fulfills a triple purpose: 
it is a brief introduction to pharmacological theory, it presents specific pharmacological tech 
niques and methods to demonstrate drug effects ‘and it is an outline of rational pharmaco 
therapeutics derived from experimental data and explanations. The rational application of the 
principles and noe is described in each chapter under the heading, “‘Clinical Bearings’. 

by Theodore Koppanyi, Georgetown University Medical School and Alexander 6. 

Karczmar, Loyola University—Stritch School of Medicine, 1958, 273 pages, $5.5) 


order from 


BURGESS PUBLISHING COMPANY 


426 SOUTH SIXTH STREET @ Minneapolis 15, Minn. 
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Genetics 


1958- 
1960 


An Annotated 
Review 


Edited By 


Victor A. 
McKusick, M.D. 


Coupon to 
Order on 
30 Day 
Approval! 


Now in book form...an annotated 
review of medical genetics! 


Here in book form is one of the most exhaustive undertakings in the field of 
medical genetics. This comprehensive annotated review, covering all 
publications for the three year period of 1958, 1959, 1960, can provide you 
with an understanding and knowledge of current thinking in the field. They 
provide a critical appraisal of reports and are much more than simply a 
“cumulative index.” The summations in this up-to-date reference are 
detailed enough for you to quickly obtain the essentials of each publication. 
This book discusses all major points and findings in genetics—and evaluates 
them. Of the work reported in 1958, 1959, 1960, the most consequential are 
probably two: (1) that concerning the amino acid sequences of variant 
hemoglobins and (2) the description of chromosomal aberrations as the 
basis of congenital abnormalities in man. These two areas have been re- 
viewed in some detail. Only this book of accumulated journal reviews 
reports the latest views and supplements other existing books. In keeping 
with an eclectic approach, the reviews in this book concern themselves with 
the following aspects: 

1. Analysis of phenotypic features which may have a bearing on recognition 
of heterogeneity of given ‘‘entities,’’ on the mechanism of gene action, on 
the early detection of the disease or the presence of the gene. 

2. Information, especially biochemical, bearing on the ‘“‘basic defect’’ and 
the mechanism of gene action, the chain leading from gene to disease. 

3. The formal genetics—mode of transmission, dynamics in populations, 
linkage, ete. Evidence of the familial aggregation of diseases which are 
probably the result of multiple genetic and environmental factors have 
been included. 

Edited by VICTOR A. McKUSICK, Professor of Medicine, Johns Hopkins Hospital, 
Baltimore, Maryland. Written by 48 contributors. Ready this month. 534 pages. 
78” X 10”. Price, $14.50. 


McKusick HERITABLE DISORDERS 
OF CONNECTIVE TISSUE 


This book is an up-to-date guide to the recognition and clinical diagnosis of 
puzzling heritable disorders of connective tissue. It can give you a clearer, 
practical understanding of the clinical manifestations of ali five generalized 
and hereditary disorders—the Marfan syndrome, Ehlers-Danlos, osteo- 
genesis imperfecta, pseudoxanthoma and the Hurler syndrome. Further- 
more, it can help you gain a new understanding of all disorders of connec- 
tive tissue including the various forms of arthritis and the collagen vascular 
group. More than 130 pages of new material and 80 additional illustrations 
of clinical cases make this new edition a complete, more useful book for you. 





By VICTOR A. McKUSICK, M.D., A iate Prof of Medicine, Johns Hopkins 
University School of Medicine; Physician, Johns Hopkins Hospital; Assistant Pro- 
fessor of Epidemiology, Johns Hopkins University School of Hygiene and Public. 
Health, Baltimore. 


Published January, 1960. 2nd Edition, 333 pages. 67s” x 10”, 133 Figures. Price $12.00 


TheC. V. MOSBY Company 


3207 Washington Bivd., St. Louis 3, Mo. 


Please send me a copy of the book (s) checked below. | understand that | have 
30 days to decide whether or not | want to keep it (them). If | don’t, | can return 
the book (s) and owe nothing. | understand that | can save the mailing cost by 
enclosing my remittance with this order. 


McKusick, MEDICAL GENETICS 1958-1960 $14.50 
McKusick, HERITABLE DISORDERS OF CONNECTIVE TISSUE ...-$12.09 


0 Bill me O Payment enclosed 
(Same return privilege) 


Name 
Address 


City Zone , ; 
This 3) day approval offer limited to the continental U.S. only. FP-12-61 
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AT THE MOMENT OF DECISION... 
MORE POSITIVE DIAGNOSIS 





To provide more positive diagnosis ...to speed slide preparation ... to perfect it 
technically and thereby produce exceptional cytological detail in thin undistorted 
sections... these are the aims and accomplishments of International’s new model 
CT Microtome Cryostat. 


Everything necessary for precise, frozen sectioning has been conveniently pack- 
aged in one superbly engineered compact instrument. From fresh tissue to fin- 
ished slide in minutes. There is a new, integral Freon fast freezing arrangement. 
Controlled temperatures from —10°C to —20°C are held even with the top open. 
Laboratories significantly speed their service. Pathologists get the best possible 
sections to help them achieve diagnostic certainty even under pressure of time. 
Write for our latest brochure. 


INTERNATIONAL (EC) EQUIPMENT Co. 


1284 SOLDIERS FIELD ROAD - BOSTON, MASS. 








REAR 





ANIMAL CARE EQUIPMENT 


DESIGNED FOR: 
1. THE HEALTH AND COMFORT OF THE ANIMAL 
2. EASE OF SERVICING AND CLEANING 
3. ADAPTABILITY TO CHANGING PROGRAMS 
4. LOW ORIGINAL COST AND LOW DEPRECIATION 


Catalog Available 
Complete with Physiological Data and Room Planner Service 


HOELTGE BROS., INC. 


1919 GEST ST. Service Since 1856 CINCINNATI 4, OHIO 











Ly WA cone 


SWISS MICE” 


High Specific Activity 


ALDOSTERONE-1, 2-H° 


100 mc/mg 


$80/250 Uc $140/500 jue 
$250/mc $400/2 me 


ie Ne \Golcmie), Bi iteltis}¢ 





Produced only by 


new england nuclear corp. TACONIC FARMS 


575 ALBANY STREET, BOSTON 18, MASS. HAncock 6-7311 
GERMANTOWN NEW YORK 
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Team the Beckman® GC-2A Gas Chromatograph, ThermotraC,* and 





Flame Ionization Detector for greater resolution and faster analyses! 


Combine the Beckman GC-2A, most reliable gas 
chromatograph-—the Beckman Flame Ionization De- 
tector, most sensitive flame ionization detector com- 
mercially available—the Beckman ThermotraC, new- 
est, most versatile temperature programmer. You'll 
get faster, more complete analyses with unmatched 
sensitivity and resolution. This Beckman threesome 
can solve any analysis problem in gas chromato- 
graphy. Learn more about this new team. See your 
Beckman laboratory apparatus dealer, or write di- 
rect for Data File 91-12-04, 


BECKMAN GC-2A GAS CHROMATOGRAPH. The most sen- 
sitive instrument with a thermal conductivity detec- 
tor—capable of detection to one-half part per million. 
Features built-in stability, fast response, high reso- 
lution—for research work or routine analyses. 


={>lod.4aat-lal 





#7. ™., 80 


BECKMAN FLAME IONIZATION DETECTOR. Features a 
unique electrometer design with Vibrode® stabili- 
zation, 10-14 amps noise level, attenuation range of 
50,000,000 to 1 without zero shift—used with the 
Beckman burner to permit linear measurements 
over the concentration range of parts per billion 
to 100%. 


BECKMAN THERMOTRAC TEMPERATURE PROGRAM MER. 
Offers an infinite variety of linear, non-linear, and 
step function programs, all easily plotted on a Mylar 
sheet with pencil, ink or black tape. Precise temper- 


ature programming means fast elution of high boil- 


ing fractions without loss of resolution, reduction 
of peak broadening, resolution of closely spaced low 
boilers, and more effective use of columns. In all, 
greater versatility for your chromatograph. 


INSTRUMENTS, INC. 


SCIENTIFIC AND PROCESS INSTRUMENTS DIVISION - Fullerton, California 
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model 751. . $145, 


OFFERS YOU AN 
ELECTRONIC SQUARE WAVE 


STP Ra is: = 372 
SinmnVvLAIU 


FOR EVERY PURPOSE 
FOR EVERY PRICE RANGE 


Study the brief summaries below of the complete line of quality AEL Electronic 
Square Wave Stimulators designed to meet every requirement of classroom and 
research laboratory use. You will find the Stimulator that will meet both your 
budget and technical requirements. AEL Stimulators come to you with a background 
covering thousands of hours of classroom and laboratory operation. 


model 198 . 
CLASSROOM AND "RESEARCH LABORATORY USE 
A many-purpose . yet inexpensive unit, designed 


for both classroom and research laboratory use. 
Undergraduate students find it particularly desirable 
because of its simple-to-operate controls. However, 
the ranges of variable stimulus, output and dura- 
tion also make the “198” attractive for research 
laboratory use. Produces recurrent or single stimuli. 
Versatility provided through continuously variable 
controls. Offers sync-pulse of 10 ve'ts amplitude 
for use with cathode ray oscilloscopes. 


CLASSROOM AND "RESEARCH LABORATORY USE 
Performance- “proven over years of service, the 
“751" offers stepped controls of frequency and 
duration that permit exact resetting in conducting 
consistent, repeatable experiments. Straightforward 
control operation and a wide range of variables 
make this unit ideal for both student and research 
laboratory use. Pulse pairs are obtained by com- 
bining two Model 751’s with a Model 951i Dual- 
pulse Synchronizer, making it possible to study the 
refractory cycle of such tissue as nerve, striated 
muscle and cardiac muscle. A signal magnet output 
is also provided. 


model 404... . $400. 

ALL-PURPOSE RESEARCH LABORATORY USE 
Designed for the physiology laboratory, the ‘'404’% 
provides a wide variety of stimuli. The five modes 


of operation include . SINGLE SHOCKS .. . 
REPETITIVE STIMULATION . . SINGLE PAIR OF 
STIMULI REPETITIVE PAIRS OF STIMULI... . 


DIRECT CURRENT STIMULATION. Trains of pulses 
are produced by coupling two Model 404’s. Output: 
60 ma at 150V or 9 watts. Stimulus Intensity: 1 
millivolt to 150 volts. Stimulus Duration: 10 micro- 
seconds to 1 second. Delay: Adjustable from 10 
microseconds to 1 second. Stimulus Frequency: 1 
every second to 10,000/second. 


model 104-A... $550. 

THE ULTIMATE 1N RESEARCH LABORATORY USE 

An extremely accurate, all-purpose stimulator, the 
“104-A” is designed specifically for the most ex- 
acting research og use. Six modes of opera- 


tion include . . . SINGLE SHOCKS . REPETITIVE 
STIMULATION . . . SINGLE PAIRS OF STIMULI. . . 
REPETITIVE PAIRS OF STIMULI . SINGLE TRAINS 
OF STIMULI . . .REPETITIVE TRAINS OF STIMULI. 


Utilizing 10-turn linear helipots which are resettable 
to 0.1 percent, the ‘‘104-A” is accurate within five 
percent across the dial . . . in all ranges. It 
produces trains of pulses, can be externally or 
remotely driven and has a 250 volt output. 











Write for detailed literature on each of the above instru- 0 
ments and accessories. Send your oe plus any other pe pa 
information that you may desire, to . 





AX merican Eeiecironic Keaboratories, inc. 








RICHARDSON ROAD, COLMAR, PENNA. 
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New Purina Labena...why? wy He Graf 





Laboratory Chow was committed as a 
constant formula (qualitatively and quan- 
titatively) in the early forties. We have 
done our best to keep this product qualita- 
tively the same throughout these years. 


As a research man yourself, you know the 
dynamic nature of nutrition research. New 
developments are constantly being an- 
nounced in the form of new processes, new 
ingredients, or new developments in man- 
agement and feeding. Due to these develop- 
ments, we are now able to bring you Purina 
Labena at a lower price. 


Question: Should | feed Labena or Lab 
Chow? 


Answer: If your research work demands an 
absolutely constant formula for an excess 
of 6 months, you should feed Purina Labora- 
tory Chow. If you have flexibility in your 
colony where formula improvements will not 
adversely affect results, then we recommend 
Purina Labena. 


Question: How will Labena be manu- 
factured? 


Answer: It will be manufactured under the 
same critical standards as Laboratory Chow. 
Labena will also be assayed for estrogenic 


and antibiotic activities. All ingredients 
must pass the identical high-quality con- 
trol tests as Lab Chow. 


Question: Will the formula of Purina Labena 
change? 


Answer: The formula will change only when 
a nutrition discovery is made that will im- 
prove product performance. 


Question: Does Labena cost less? 


Answer: New ingredients and ingredient 
processing have made it possible to reduce 
cost and the savings are passed on to you. 


Question: Does lower price mean lower 
quality? 


Answer: No. It is a simple case of economy. 
The Labena formula is designed to give per- 
formance equal to Laboratory Chow with a 
more economical combination of ingredients. 


You can buy the complete family of Purina 
Laboratory Chows from your Purina dealer: 
Labena, Laboratory Chow, Mouse Breeder 
Chow, Guinea Pig Chow, and Monkey 
Chow. While Labena and Laboratory Chow 
will both maintain mouse and hamster col- 
onies in excellent condition, Mouse Breeder 
Chow is recommended for superior produc- 
tion, lactation, and growth of mice and 
hamsters. 


Call your Purina dealer for service and 
information. 
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Needed and Wanted 


IN EVERY MEDICAL RESEARCH CENTER. 


METHODS IN 
MEDICAL RESEARCH 


New Vol. 9—Just Published 


The series, METHODS IN MEDICAL RESEARCH, originated 
from the realization of a need by both clinicians and research 
workers for a compact, organized and detailed report and evalua- 
‘ion of tested procedures in the field. These volumes are among the 
most significant contributions ever made to medical science— 
from the standpoint of both editor-authorship and material con- 
tent. Each of the sections in each volume is edited by an expert 
who is responsible for the selection of methods most worthy of 
description and of contributors best fitted for the work. Each sec- 
tion is sent to other investigators for comment and review. The 
result is a masterly collection of discussions and appraisals, 
covering not just one phase of research, but ALL PHASES. 


CONTENTS OF NEW VOL. 9 
Editor-in-Chief, J. H. Quastel 


Enzyme Methods in Clinical Diagnosis and Investigation, edited 
by Osear Bodansky. Methods of Study of Pharmacologically 
Active Substances and Chemical Activity of the Nervous System, 
edited by T. L. Sourkes. Methods of Study of Intestinal Absorp- 
tion and Metabolism, edited by J. H. Quastel. Studies of Electrical 
Recording from the Nervous System, edited by B. Delisle Burns. 
460 Pages. $10.75. 





Wartman’s MEDICAL TEACHING 
IN WESTERN CIVILIZATION 


Just Published—Here is a continuous history of medical teaching 
in Western Civilization from the legendary beginnings in Greece 
to our own age as the teachers themselves conceived and trans- 
mitted it, and so far as possible in their own words. By William 
B. Wartman, M.D., Morrison Professor of Pathology, North- 
western University Medical School. 307 Pages; $7.50. 


MacFate’s INTRODUCTION TO 
THE CLINICAL LABORATORY 


New—A highly useful text bringing together much data heretofore 
found only in widely scattered sources. A broad-range presenta- 
tion of the basic data essential for the student to have at hand in 
his laboratory courses. By Robert P. MacFate, Ch.E; M.S., 
Ph.D., Chief, Division of Laboratories, City of Chicago Board 
of Health. 448 pages; illustrated. $10.00. 


Available from Book Stores cr the Publisher 


YEAR BOOK 
MEDICAL PUBLISHERS, INC., 


200 E. Illinois Street 


ule 


\ 
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FUTURE ANNUAL MEETINGS 


Future Annual Meetings will be held as follows: 

1963: Tuesday, April 16—Sunday, April 21, Atlantic City 
1964: Sunday, April 12—Saturday, April 18, Chicago 
1965: Saturday, April 1o—Friday, April 16, Atlantic City 


Meetings 


AAAS—Denver, December 26-31, 1961 


Physiologists and other biologists interested in space science are 
reminded that this subject will be extensively covered in several 
symposia currently scheduled among the sessions of this meeting. 
Particular attention of biologists is drawn to a symposium on 
Extraterrestrial Biochemistry and Biology sponsored under Section C— 
Chemistry and a session of Physiological Factors in Manned Lunar 
Flight appearing as part of a one day program on Manned Lunar 
Flight, cosponsored by the American Physiological Society and the 
American Astronautical Society. The schedui: for the session on 
physiological factors will feature papers in two importent phases of 
this area in addition to a prepared panel discussion: “Space Physiolo- 
gists: Their Role, Availability and Training.”’ This panel will endeavor 
to point up the need for implementation of biological space prob- 
lems with biologists adequately trained in both the general and 
specific aspects of this specialized area. 


Sixth International Congress on Nutrition 


Edinburgh, August 9-15, 1963 


If you wish to receive future notices about the Congress, please 
notify The Secretary, 6th International Congress on Nutrition, 
Department of Clinical Chemistry, Royal Infirmary, Edinburgh, 


Scotland. 
Grants and Awards 
The Lalor Foundation 


The Foundation has announced the progrem of awards which it 
is offering for 1962 for research on the fundamental biochemical 
and physiological mechanisms concerned with fertility and the 
early stages of reproduction in various forms of life. The objectives 
are to further the knowledge and understanding of the basic 
phenomena involved and to extend and develop the possibilities for 
effective regulation and control. ‘The awards are open to all nation- 
alities and range up to $8,000 per year. Preference will be given to 
younger members of university and college faculty and staff with 
an upper age limit of 41 years. Requests for information and for 
application forms should be directed to the Lalor Foundation, 4400 
Lancaster Pike, Wilmington 5, Delaware. The final date fo: receipt 
of executed application forms complete with supporting data is 


January 15, 1962. Notification of appointment will be on or before 


March 15. 


Van Meter Prize 


The American Thyroid Association, Inc. again offers this award 
in the amount of $500 to the essayist submitting the best manuscript 
of original and unpublished work concerning ‘‘Goiter—Especially 
Its Basic Cause.’’ Competing essays may cover either clinical or 
research investigations, should not exceed 3000 words in length and 
must be presented in English. Duplicate, typewritten copies, double 
spaced, should be sent to the Secretary: Theodore Winship, M.D., 
430 N. Michigan Ave., Chicago 11, Illinois, not later than Jan- 
uary 1, 1962. 

Continued on page 80a 
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SEPARATIONS IN 30 TO 40 MINUTES! 





Thin- Page 


CHROMATOGRAPHY 


ae 





C-4115X Chromatofilm Thin-Layer Chromatography Assem- 
bly—complete with spreader, aligning tray, glass 
plates, storage rack, template, developing cham- 
bers, pipettes, silica gel, aluminum oxide, plus 
an aerosol reagent kit containing twelve different 
ODIOVE 5 hh oc acs ccccantesscieoce $260.00 

* Stahi 


This new Chromatofilm equipment makes the 
Thin-Layer method* of producing chromatograms 
easier than ever. It’s fast ...convenient . . . simple 
...reliable...and has a wide quantitative range. 
The technique can be learned quickly—even by in- 
experienced personnel. 


Thin-Layer chromatography uses open glass 
plates layered with a thin film of adsorbent in place 
of conventional closed columns. Instead of taking 
hours, to complete a separation, only 20 to 40 
minutes are required. And up to 20 determinations 
can be made at one time. Better resolution and 
easy recovery of sample components for further 
study are other advantages offered by this new 
method. 


You may order the individual components of the. 
Chromatofiln—or the complete assembly, including 
chemicals. Ask us for the entire Chromatofilm story. 


METERS LOW FLOW RATES OF CHEMICAL SOLUTIONS 


Precisely... Continuously... Easily! 


Only Teflon*, Pentont, glass or Viton* come in.contact with the 
solution as it flows through this new Beckman Solution Metering 
Pump. That’s why even highly corrosive fluids may. be metered 
without danger of damaging the pump or contaminating the solu- 
tion. (Where Viton is attacked, diaphragms made of butyl may be 
substituted.) The pump is pre-calibrated . . . leak-free . . 
disassembled for cleaning and steam sterilization. “4 or the entire 


story, ask us for bulletin 794. 








Repeat- 
Catalog Model Range Strokes Accuracy ability 
No. No. MI/Min. /iAin. MI/Min, MI/Min. Each 

74600 0-2 4 +.040 +.010 $265.00 
P-8880X 74601 0-5 \ 10 +.100 +.025 265.00 
74602 0-10 * 10 +.200 + .050 265.00 
74603 0-20 20 +.400 +.100 265.00 
P-8881X Butyl Valve Diaphragms (extra), set of two ...... 7.60 


* DuPont trademarks 


t Hercules trademark 







. quickly 





5”x5"x6 2" deep 


@ Accuracy: +2% 

® Repeatability: +0.5% 

@ Fluid Temperature Range: 10 to 80°C 

®@ Viscosity Range: ! to 100 centipoises 

@ Ambient Temperature Range: 50 to 110°F 
@ Power: 115 volts +15 volts, 60 cycles, 30 watts 





LABORATORY... 


Pd 
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Kranch Sales Offices: Albany 5, N. Y. @ Boston 16, Mass. @ Elk Grove Village, Ill. e Philadelphia 43, Pa. e Silver Spring, Md. 
Branch Warehouse: Elk Grove Village, III. 


© PH OSMOMETERS 


a Available for 
IMMEDIATE DELIVERY 


ACCURATELY MEASURES OSMOTIC 
PRESSURES by FREEZING POINT METHOD 


@ Check for overhydration, dehydration, renal shutdown or other 


kidney disease. 

@ Measures Hyperosmolarity not detectabie by other methods. 
@ Monitors Osmolarity of parenteral, artificial kidney and dia- 
yzer fluids. 

@ Provides diagnostic information in diabetes insipidus or mellitus. 
FISKE OSMOMETERS, now in use in over 600 research centers 
and laboratories, prove the reliability of this instrument. 


Today’s FISKE OSMOMETER, available in laboratory or portable 
models, offers these... 

NEW, EXCLUSIVE FEATURES: 

@ SHOCK FREEZING 

@ STAINLESS STEEL UNBREAKABLE TEMP. PROBE 

@ DUAL STIRRING RODS 

@ INTEGRATED PRE-CHILL BATH 

@ BUILT-IN INTERVAL TIMER 

@ ROTARY STIRRING 


For complete details, specifications and applications, write to: 


i Ne FISKE ASSOCIATES,INC. 


BETHEL, CONNECTICUT 
Creotors of 


Precision Electronic Devices 
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Share Your Journals 


The U. S. Committee of The World Medical Association is spon 
soring a project to send used medical journals to physicians in Asia. 
Specialty journals are needed. If you wish to participate in this 
doctor-to-doctor program, please write to The World Medical 
Association U. S. Committee, 10 Columbus Circle, New York 19, 
N. Y., listing the journal(s) you wish to contribute. 


Register of Scientists Interested in 
Overseas Assignments 


In anticipation of the growing need for personnel under inter- 
national programs in which it cooperates, the National Academy 
of Sciences-National Research Council is compiling a register of 
American scientists and other specialists who are interested in the 
possibilities of assignments abroad for periods ranging from several 
weeks to two years. 

Persons who wish to be considered for any of such assignments 
are asked to fill out a special form, available upon request from the 
Committee on International Exchange of Persons, 2101 Constitution 
Avenue, N.W., Washington 25, D. C. Completion and return of 
the form will not constitute an application, but it would ensure a 
person’s consideration for openings in his field. 


Books and Journals Received 


Basic EssENTIALS OF BLoop Group THEORY AND PRACTICE. Kath- 
leen E. Boorman and Barbara E. Dodd. Boston: Little, Brown 
& Co., 1961. 133 pp. $4.50 

BroEvectricity. E. E. Suckling. New York: McGraw-Hill Book 
Co., Inc., 1961. 233 pp. $8.75 

BIOELECTROGENESIS. Editors: Carlos Chagas and Antonio Paes 
DeCarvalho. Princeton: Elsevier Publishing Co. (D. Van Nos- 
trand Co., Inc.), 1961. 413 pp. $22.00 

Continuous CULTURE OF MicroorGanisms. S.C.I. Monograph No. 
12. New York: The Macmillan Co., 1961. 272 pp. $8.50 

DEVELOPMENT AND STRUCTURE OF THE CARDIOVASCULAR SYSTEM. 
Editor: Aldo A. Luisada. New York: McGraw-Hill Book Co., 
Inc., 1961. 225 pp. $9.95 

Fish As Foop. Editor: Georg Borgstrom. New York: Academic 
Press, 1961. 725 pp. $24.00 

FUNCTIONS OF THE BLoop. Editors: R. G. Macfarlane and A. H. T. 
Robb-Smith. New York: Academic Press, 1961. 635 pp. $16.80 

HEALTH AND FITNESS IN THE MODERN Wor~p. A collection of 
papers presented at the Institute of Normal Human Anatomy, 
and the Ministry of Foreign Affairs, Rome, Italy: The Athletic 
Institute, 1961. 400 pp. $4.50 

Herepity. A. M. Winchester. New York: Barnes & Noble, Inc., 
1961. 269 pp. $1.75 

Human Prrurrary Gonapotropins. A Workshop Conference. 
Editor: A. Albert. Springfield, Ill.: Charles C Thomas, 1961. 
434 pp. $16.75 

LABORATORY MANUAL FOR GENERAL BioLocy, Rev. Ed. Willis 
H. Johnson, Richard A. Laubengayer, Louis E. DeLanney. New 
York: Holt, Rinehart and Winston, Inc., 1961. 181 pp. $3.50 

PROBLEMS OF PULMONARY CiRcuLATION. A. V. S. deReuck and 
Maeve O’Connor, Editors for the Ciba Foundation. Boston: Lit- 
tle, Brown & Co., 1961. 96 pp. $2.50 

Protein Structure. Harold A. Scheraga. New York: Academic 
Press, 1961. 305 pp. $8.00 

Recent ApVANCES IN BiocHEMistry, 4th Ed. T. W. Goodwin. 
Boston: Little, Brown & Co., 1960. 301 pp. $11.50 


Continued on page 82a 
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NUCLEAR INSTRUMENTS 


This Gamma Spectrometer Ends “Dark Current” Defect; Provides 
Direct Peak Comparison and Better Resolution from 1 kev to 6 mev. 





Model GSS-1—$4,180* 


The NMC Model GSS-1 gamma spectrom- 
eter combines in one chassis a regulated 
high voltage supply as a part of the count- 
ing ratemeter autoscan system ... all-tran- 
sistorized probe amplifier and spectrometer 
circuits . . . and either solid or well-type 
crystals. It’s the only system that eliminates 
the ‘‘dark current’’ defect, analyzes emitters 
from 1 kev to around 6 mev, and permits 
direct peak comparison of emitters using 
semi-automatic peak integration. Graph 
paper supplied is calibrated in mev. 


Actual Spectrograms Made with a GSS-1 


HIGH 1.17 mev 
RESOLUTION 
HERE 10k 
NO x 
“DARK = &x 
CURRENT" 
DEFECT 
HERE = ** 





1000 900 800 700 600 500 400 30 20 10 0 


Actual spectrogram of Cobalt-60 made with a 
GSS-1 gamma spectrometer system. Window 
No. 3. Time constant: 2 sec. 
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Radium, after four runs over 20 hour period 
without instrument adjustment. Range 30,000 
C/M. Time constant: 3 sec. 


Detect and Measure a, 8 and Y Four Ways with This 3-Unit 
All-Purpose Laboratory—1...or1+2...0r 1+3...0r 14+2+3 


1 PROPORTIONAL COUNTING SYSTEM 
PC-3A—$1395.00* 


The only instrument that counts every alpha and beta 
emitted in a 2 pi angle from prepared samples. Pre- 
cisely separates absolute amounts of alpha and beta 
from any dry sample. Ideal for C-14, Ca-45, P-32 and 
H-3. Due to high yield, counting time may be reduced 
80% to 95%. High voltage and scaling systems operate 


with US-1 and WSC-1 shown below. 


2 UNIVERSAL SHIELD 
US-1A—$395.00* 


Detects gamma and beta-gamma 
activity in prepared flat samples. 
Also accepts gamma scintillation 
detector, mylar window GM flow 
detector, and strip chromatograph 
scanner. Operates with PC-3A. 





i> 





3 WELL-TYPE COUNTER 
WSC-1—$995.00* 


Background less than 140 cpm. 
Detects low-level gamma activity 
in test tube and flat type samples. 
All-transistorized amplifier. Works 
with any scaler. Operates with the 
PC-3A. 





*ALL PRICES FOB, INDIANAPOLIS 
For Full Details, Write, Wire...or Phone Collect—Liberty 6-2415 


Nuclear Measurements Corp. 
25th and Arlington «+ Indianapolis 18, Indiana 





International Office: 13 E. 40th Street, New York 16, N.Y. 
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Introducing 


NEW APPLICATOR 


for 


THIN LAYER 
CHROMATOGRAPHY 














Model “S” 











In addition to the previously offered 
standard applicator for TLC, already 
used by hundreds of laboratories in the 
U. S., Desaga has now developed a 
new instrument—the MODEL “S”. This 
exclusive design permits the researcher 
to select and reproduce any layer 
thickness to 2000 u. 


For a complete, up-to-date, list of ap- 
paratus and adsorbents now available 
for TLC plus literature references and 
technical information, request our NEW 
TLC BULLETIN. 


All components can be delivered from 
stock. 


BRINKMANN 


BRINKMANN INSTRUMENTS, INC. 
115 Cutter Mill Road, Great Neck, New York 


PHILADELPHIA - CLEVELAND - HOUSTON - MIAMI - MENLO PARK, CAL. - ST. LOUIS 
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Continued from page 80a 


RESPIRATION IN HEALTH AND DisEASE. R. M. Cherniack and L. 
Cherniack. Philadelphia: W. B. Saunders Co., 1961. 403 pp. 
$10.50 

THe MACHINERY OF THE Bopy. Anton J. Carlson, Victor Johnson, 
H. Mead Gavert. Chicago: The University of Chicago Press, 
752 pp- $6.50 


Book Review 


BLOOD AND OTHER BODY FLUIDS. Puivie L. ALTMAN 
AND Dorotny S. Ditrrmer, Eds. Washington: Federation of 
American Societies for Experimental Biology, 1961. xviii + 
540 pp. $ro. 


This, the newest of the series of Biological Handbooks prepared 
by a Committee of the Federated Societies, presents a wealth of 
information concerning the blood and other body fluids. Data 
have been carefully collected from the literature concerning the 
volumes and composition of body water and its various subdivi- 
sions. An important section is devoted to the plasma proteins and 
non-protein nitrogen components of body fluids. Other sections 
deal with blood coagulation and blood group substances. Valuable 
information is included giving the composition and properties of 
urine, digestive secretions, reproductive secretions, milk, dermal 
secretions and the fluids of ear and eye. One of the more informa- 
tive chapters presents information concerning body fluids during 
pregnancy. An outstanding virtue of this book is that it presents 
detailed information concerning body fluids in lower animals as 
well as in man. In addition to the commonly studied laboratory 
and domesticated vertebrates, information has been collected on 
a number of unusual and exotic species which will be of interest 
to the comparative physiologist. 

The tables, diagrams, and figures are clearly organized and well 
annotated. References to original sources are readily available 
with each table or section. In controversial areas, the Committee 
has generally tried to follow an impartial course. In the tangled 
field of blood coagulation, this has led to the inclusion of five sepa- 
rate schemata illustrating the concepts of the leading workers in 
the field. 

The role of the encyclopedist is thankless. No sooner has the ink 
dried on a publication of this type when important omission. and 
erroneous inclusions will be recognized. This book is no exception. 
For instance, detailed information is provided about the physical 
properties of albumin from four species of animals, but comparable 
data on human albumin have been omitted. 

A similar omission is the failure to mention plasma transaminases 
in the tabulation of human plasma enzymes. With the exception 
of the phosphatases, no plasma enzyme is measured more frequently 
in laboratories of clinical chemistry. 

A retrogressive step has been taken by the Committee in express- 
ing the concentration of the important blood and serum electro- 
lytes in terms of milligrams per 100 ml rather than milliequivalents 
per liter. The latter convention has been almost universally adopted 
by clinical physiologists since the fundamental contributions of 
Gamble, Peters and others during the 1920’s and 30's. 

Such minor criticisms in no way detract from the net worth of 
information packed into the 540 pages of this volume. It will be 
an indispensable part of any personal or institutional library deal- 
ing with the biologic and clinical sciences. Handbooks of this 
general type provide a partial answer to the vexing problem of 
making the vast store of information available to workers of all 
disciplines. 

Wituiam H. DauGcHuapay 
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Polarotrace is a product of 
SOUTHERN ANALYTICAL 
LIMITED 
CAMBERLY, SURREY, ENGLAND 


DETAILED INFORMATION 
AVAILABLE UPON REQUEST 
Our application laboratory is at your 
disposal to run test specimens. 











Sr Toy-\-J0 veils halate 


808 BROADWAY 
NEW YORK 3, N.Y 


POLAROGRAM 
Every 


Seven * 
Seconds... 








COMPLETE 










The entire change of potential 
is effected during the lifetime 
of a single mercury drop... 
and the entire polarogram is 
reproduced on the screen once 
every 7 seconds, cutting analy- 
sis time to a fraction! 


The 





_->| Cathode 


DLAROTRACE 


WITH ELECTRODE STAND 





Determines concentrations 
OVER A THOUSAND TIMES LOWER 
than conventional types of polarographic 
instruments. 


For DIRECT or Derivative Operations + Faster + 
More Sensitive - Greater Resolution + Easier to 
Operate » Ruggedly Designed. 


Suitable for research or control operations, this highly ver- 
satile instrument opens up a new world of possibilities in 
polarographic analysis. Introduced just a short time ago, 
Polarotrace is now standard equipment in many leading 
institutions. 


Now available with ANODIC CONVERSION UNIT to 
make possible measurement of anodic waves. Camera at- 
tachments also available. 


Cat. No. F-83725—POLAROTRACE, with Electrode 
Stand which includes a thermostatically-coistrolled tank and 
built-in gas manifold with stopcocks for simultaneous degas- 
sing of three cells, with complete set of glassware and ready 
Wee tie CT Ds of ok has dda towne $4500.00 


YZ 





Supply Corp 





SOME NEW METHODS OF 
ANALYSIS USING THE 
CATHODE-RAY POLAROTRACE 












Determination of: 


AMMONIUM PICRATE IN PYROTECHNICAL 
MIXTURES 


ARSEMIC IN PLANT, COAL, ASHES, ETC. 
BARIUM IN CALCIUM SALTS 


COPPER, LEAD, CADMIUM, NICKEL AND ZINC 
IN MAGNESIUM 


COPPER, LEAD AND ZINC IN MANGANESE 
BRASS 


IRON IN PIG LIVER 

LEAD IN ANALAR ARSENIC OXIDE 

LEAD IN ANALAR CITRIC ACID 

LEAD IN BRONZES AND BRASSES 

LEAD IN PRESENCE OF COPPER IN COCOA 
M-DINITROBENZENE 

M-NITROANILINE 

NITRATES IN WATER 

NITROBENZENE IN ANILINE 

NITROGLYCERINE IN DINITROGLYCOL 
NITROGLYCERINE IN PHARMACEUTICS 
NITROGLYCERINE IN SOLID PROPELLANTS 
p-CHLORO-BENZYL CYANIDE IN POLYMERIZA- 
TION PRODUCTS 

SACCHARIN IN NON-ALCOHOLIC DRINKS 
SELENIUM IN FUEL OIL ASHES 
SODIUM-POTASSIUM IN TAP WATER 
SULPHITES IN FRUIT JUICES 

URANIUM IN MONAZITES 

V. Cr. Ni. Co., Mn IN TURBINE BLADE DEPOSITS 








Simultaneous determination of: 


ALUMINUM AND BERYLLIUM 

COPPER, IRON AND LEAD IN HIGH PURITY 
ALUMINUM 

COPPER AND LEAD IN LEAD STEEL CU. Ni AND 
CO. IN PURE IRON 

FUMARIC AND MALEIC ACID 


Anotic determination of: 


CADMIUM, COPPER, LEAD AND ZINC IN PVC 
PLASTICS 
SULPHIDES IN WATER 


VITAMIN C IN GRAPE, LEMON, ORANGE AND 
BLACKCURRANT JUICES 


Direct method for determination of: 
IRON BLOOD SERUM 
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Information for Authors 


Federation Proceedings 


STYLE OF MANUSCRIPT 


General Rules. 1) Manuscripts should be typewritten, double- 
spaced, with wide margins on 819- x 11-inch bond paper. The 
original copy and one carbon copy shculd be submitted. 
Pages should be numbered. 2) The title page should be sepa- 
rate and have the following: title of the article; author(s); 
laboratory or institution of origin with city and state or coun- 
try; complete address for mailing proofs. 3) Footnotes should 
be assembled on one or more separate sheets, and legends 
for illustrations should likewise be gathered on one or more 
separate sheets, double-spaced. 4) References should be typed 
separately, double-spaced (see section below). 5) Illustrations 
(unmounted, two sets) should be identified on the reverse 
with figure number and author name(s); when necessary the 
top should be clearly marked. 6) Each table should be typed 
on a separate sheet and double-spaced. 7) Foreign words not 
in general use in the English language should be italicized. 
8) Italics should not be used for the purpose of emphasis. 

Abbreviations and Symbols. Only standardized terms which 
have been generally accepted should be used. Unfamiliar 
abbreviations should be defined when first used. 

Drugs. Proprietary (trademarked) names should be capi- 
talized and the spelling carefully checked. 

Footnotes. Text footnotes, including those in the title and 
author lines, should be numbered consecutively throughout 
Table footnotes for four or fewer should be indicated in order 
of their appearance with the following symbols: * ¢ t §; for 
more than four footnotes, consecutive superior letters should 
be used. 


REFERENCES 

Authors must be responsible for the accuracy and complete- 
ness of their references as these will not be rechecked by the 
Editorial Office. 

References to literature cited should be listed alphabeti- 
cally, numbered serially, and referred to in the text by this 
number placed in parentheses. They should be typed on sepa- 
rate sheets at the end of the manuscript. There should be only 
one reference to a number. 

For titles of journals, follow the abbreviations listed by The 
Chemical Abstracts Service. 

In references to book titles, the following appear in sequence: 
name of author/s, title, place of publication, publisher’s name 
or shortened name (according to the Cumulative Book Index), 
year of publication, and page number. 

Unpublished work should not be included in the list of 


references unless the paper has been accepted for publication. 





ILLUSTRATIONS, TABLES, FORMULAS 


Prepare for use in a single column 33g inches wide whenever 
possible; otherwise for space 5 inches or 67%, inches. 

Tilustrations 

a) All drawings for reduction to a given size should be 
drawn and lettered to the same scale. 

6) All illustrations should be referred to as figures and 
numbered in Arabic numerals. 

c) Lettering should be done in India ink and must be 
proportionate to the size of the illustrations if it is to be legible 
after reduction. 

d) When possible all lettering should be within the frame- 
work of the illustration; likewise the key to symbols should be 
on the face of the chart. 

e) Actual magnification of all photomicrographs should be 
given. The Editorial Office will make correction for reduction. 

f) Sharp, contrasty, unmounted photographs of figures on 
glossy paper are required. Do not submit original drawings. 

Tables. Tables should be prepared for use in a single column 
(33g inches wide); otherwise for space 67, inches. 

a) Each table should have a brief heading; explanatory 
matter should be in footnotes. 

b) Tables should not duplicate material in text or illustra- 
tions. 

Formulas and Equations. Structural chemical formulas, process 
flow-diagrams, and complicated mathematical expressions 
should be very clearly presented. All subscripts, superscripts, 
Greek letters, and unusual characters must be identified. 


AUTHOR CHARGES 


Authors are allowed approximately $50 toward the cost of 
figures and legends, tables, equations, and formulas. Nor- 
mally this free allowance will cover a single full-page table; 
or three small tables; or four small figures and their legends; 
or a half page of chemical and mathematical formulas and 
equations. Authors are charged for documentary material 
exceeding the allowance. 


CORRECTING PROOF 

Two sets of galley proofs and one set of engraver’s proofs 
together with the original manuscript are sent to the author. 
Galleys should be carefully checked and any necessary changes 
or printer’s errors (to be marked in red) should be clearly 
indicated in the margins. Author’s alterations are charged to 
the author, if they exceed the Journal’s allowance. Proof should 
be returned to the Editorial Office: Federation Proceedings, 
9650 Wisconsin Avenue, Washington 14, D. C. 


REPRINTS 

Each author receives with his galley proofs a reprint order 
form which must be completed and returned with the proofs 
to the Editorial Office. Later orders cannot be filled. 


For additional technical requirements of the Journal, authors are referred to the Style Manual for Biological 
Journals, published (1960) for the Conference of Biological Editors by the American Institute of Biological 
Sciences, 2000 P Street, NW, Washington 6, D. C. ($3.00 a copy) 
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glycyl-L-alanine 
glycyl-L-valine | 
glycyl-L-isoleucine 





ADES”, which is a consistent guide to highest purity. 
Kit containing 100 mg. of each can be had for $17.50 


DIPEPTIDES USED TO ASSAY FOR 
BRAIN DIPEPTIDASE ACTIVITY 


It has been shown that dipeptides must have a lipophilic aliphatic or aromatic side 
chain if they’re to be used to assay for dipeptidase activity in brain tissue.! Dipep- 
tides showing maximal splitting under these substrate conditions are listed below. 


glycyl-L-tyrosine 
glycyl-L-phenylalanine 
glycyl-DL-alanine 


BIOCHEMICALS 


glycyl-DL-aminobutyric 
glycyl-DL-valine 
glycyl-DL-phenylalanine 


| these peptides are listed in our New Reference Guide and Price List No. 127 under our M.A. “MANN ASSAYED 


) L. L. Ueman, M, K. Rumley and S. Van Den Noort, Nature, Vol. 186, No. 4724, pp. 559-560, May 14, 1961 















till Another Report 
on Poly-L-Lysine 
A. “Mann Assayed” 


unusual nonenzymatic activation of horse prothrom 
when mixed with synthetic polylysines has recently 
n described. In the past, it has always been necessary 
activate prothrombin with enzymes. (Prothrombin, 
precursor of thrombin, is necessary for blood clot 
chanism.) The new reactions providing the unknown 
hanism by which blood coagulation is initiated. 
ANN Poly-L-Lysine Hydrobromides with specified 
lecular weights of 5,000 and 175,000 were used in this 
eriment. Molecular weights are determined on each 
teh of MANN ASSAYED POLYAMINO ACIDS 
dd the data included on the container label. Available 
)are a series of over 20 other MANN ASSAYED 
LYAMINO ACIDS for which a complete list is 
tilable on request. 


PRICE 


78 POLY-L-LYSINE HYDROBROMIDE, M.A 
100 mg. $35.00 


REFERENCE 


Serum Acid & Alkaline 
Phosphatase Activity 
Clinically Important 


Normal human blood plasma contains acid and alkaline 
phosphatases. Alteration of the usual range of activity 
values for these two esterases is found in certain disease 
states. Valuable diagnostic tests have been designed 
which utilize this fact. Increased alkaline phosphatase 
activity is found in skeletal diseases of the hepatobiliary 
system, while serum acid phosphatase activity is in- 
creased in prostatic carcinoma. The reliability of the 
results of diagnostic tests depend first and foremost on 
the purity of the substrate used. Our substrates are 
checked at every stage of production so you can be sure 
they work as substrates. The M.A. on the label is your 
assurance of quality. Substrates used for serum acid and 
alkaline phosphatase activity assay are among those 
listed in the substrate list included in our catalog or 
available on request. 














Mann Substrate 
Used to Isolate 


Bovine Spleen 
Enzyme 


MANN ASSAYED benzyloxycarbonyl-L-tyrosine and 
glycyl-L-tyrosine amide acetate have been used as sub- 
strates in assaying proteolytic enzymes from bovine 
spleen. One enzyme, called cathepsin D, appears to be 
responsible for about two-thirds of the proteolytic activ- 
ity of crude spleen extract. It will not hydrolyse any of 
the typical substrates of cathepsins A, B and C. As iso- 
lated it occurs in at least ten forms separable from one 
another by chromatography and electrophoresis. 
Other recent research shows that the protease from 
rabbit spleen is inactive toward the specific substrates of 
cathepsins A, B and C and carboxypeptidase of bovine 
spleen. This is a property in common between this en- 
zyme and the protease mentioned above ? 

Using the Mann Protease substrate kit, it should be 
possible to assay other tissues in a similar manner. 
MANN PROTEASE SUBSTRATE KIT No. 2080 
Contains 9 protease substrates (plus 1 activator) $64.00 


REFERENCES 
(1) E. M. Press, R. R. Porter and J. Cebra, The Bio 
chemical Journal Vol. 74, No. 3 pp. 501-514, 1960 
(2) T. Webb and C. Lapresle, Nature, Vol. 188, No 
4744, pp. 66-67, Oct. 1, 1960 





LYSINE (Seems That Mosquitoes 


Can't Resist the Stuff) 


Next time mosquitoes single you out, could be because your Lysine is above normal. Brown and Carmichael! found that 
L-Lysine is especially attractive to the pesky critters after testing this and other Amino Acids in various combinations 
and at varying pH’s D-Lysine was only one-third as attractive as the L-form. Thus, the authors suggest it may be the 
main factor in human blood and sweat which attract mosquitoes.! Working with Lysine? Try ours (can’t guarantee it is 
mosquito proof but, we can recommend it as meeting the highest quality specifications.) Among other things it is Chro- 
matographically Pure, free of optical isomers. So are 218 other M.A. “MANN ASSAYED" Amino Acids and their deriva- 
tives as contained in our Price List No. 127 


kK. D. Miller, The Journal of Biological Chemis- 
y. Vol. 235, No. 12, December 1960. 





















RIBONUCLEASE- 
Y ry a | » REFERENCE 
CHROMA I OG RAI H- (1) A. W. A. Brown and A. G. Carmichael, Nature, Vol. 189 No. 4763 Feb. 11, 1961 
Y 7 ml Te PRICE 
CALLY HOMOG ENOL S Catalog #5417 L-LYSINE monoHYDROCHLORIDE, M.A. ‘MANN ASSAYED” Chromatographically Pure. 


10 gram $1.48 25 gram $2.40 


WHILE THEY LAST 





100%, Component D ’ 
Etiocholanolone 


ETIOCHOLAN-3-A-OL-17-ONE 

. x t . . 199 
*PURE AS PURE CAN BE 
While making Ethiocholanolone in our laboratory we got 
carried away with the testing of this important steroid 
intermediate and went to every extreme to try and prove 
an impurity present. Sure we went through elemental 
analysis, melting point, optical rotation and infra red 
spectrographic tests. No impurity detected; On to gas 
chromatography. A trace of something, but again sub- 
stantially free of impurities 
Cat. No. 896 ETIOCHOLANOLONE 
1 gram at $80.00 or 500 mg. at $48.00 
Complete documentation is included with each bottle. 


RESEARCH LABORATORIES, INC. 


y Street - New York 6, N.Y. - BEekman 3-5865 


relatively short. time ago Taborsky! resolved Crystal- 
he ygngmmna (5 x) into five distinct components Are you interested in cur New Ref- 
med toas component A, B, C, D, E. Since component erence Guide and Price List No 
is the only active component the challenge for our 127 for Research Biochemicals? 
hratory was to produce a Crystalline Ribonuclease ia 
somatographically Homogenous containing 100% 
Bponent D. 


didn't take too long and here it is If better hurry with your 
so, bette y yo 


request as we always run 
out before the next issue. 
Taborsky G., J. Biol. Chem. 234, (1959) All it takes is a 3¢ post 
t. No. 1807 RIBONUCLEASE CRYST. (Bovine) card. It has to have a blue 
RNASE Chromatographically Homogenous cover to be our latest list 

100% Component D 


100 mg $19.00 1 gram $120.00 
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The PACKARD ARMAC 
Scintillation Detector... 


A compact, wholly self-contained liquid scin- 
tillation detector that can be used as a 
whole body counter for small animals, as a 
radioactivity counter for bulk samples of 
foods, soils and other materials, and as an 
arm-only counter on humans. 


This versatile and economical new instru- 
ment enables the research worker to count 
even natural levels of radioactivity con- 
veniently. Because of the great sensitivity 
and excellent counting geometry of the 
ARMAC Detector, high counting rates 
can be obtained with the administration 
of very small amounts of radio-nuclides 

. only 1/100 to 1/1000 of maximum 
permissible levels. 


A complete system consists of the ARMAC 
Detector and a Model 410A Auto-Gamma 
Spectrometer, both mounted on a mobile 
housing. Provision is made for addition of 
automatic data read-out or ratemeter pres- 
entation. Complete information can be 
obtained from your Packard Sales Engi- 
neer or by writing direct to the company. 


Model 410A 
Auto-Gamma Array of 
Spectrometer : Six 
. Photomult 
Tubes 





Counting 
Chamber 


2” Lead 
Shield 


a 


DIAGRAM— ARMAG SCINTILLATION DETEGCH 
WITH SPECTROMETER 


INSTRUMENTS FOR RADIOACTIVITY MEASUREMENT AND CHROMATOGRAPHY 


SALES OFFICES 
a cka rd CHICAGO « ALBUQUERQUE « ATLANTA * BOSTON « DALLAS 
LOS ANGELES * NEW YORK « PHILADELPHIA « PITTSBURGH 
SAN FRANCISCO * WASHINGTON, D.C. * ZURICH * PARIS * LONDON « FRANKFORT/MAIN 


PACKARD INSTRUMENT COMPANY, ING 


LA GRANGE 51, 


ILLINOIS, Telephone HUnter 5-6330 




















